US  Army  Corps 
of  Engineers« 

Engineer  Research  and 
Development  Center 


Technology  Demonstration  of  the  Zero 
Emissions  Chromium  Electroplating  System 


K.  James  Hay,  Stephen  W.  Maloney,  February  2008 

John  J.  Cannon,  Max  R.  Phelps,  and 
Jason  Modrell 


20080506216 


LIQUID 
PUMP 


COLLECTOR 


CW 


PLATE 
HEAT 
EXCHANGER 


SPARGER 


LIQUID  LAYER  (PRD-ELI) 
CHROMIC  ACID  BATH 

■  Clear 

■  Non-Toxic 

■  Lower 
density 

■  Physiologically 
inert 

■  Non-volatile 

■  Immiscible 


RISING 

LIQUID 

DROPLETS 


Approved  for  public  release;  distribution  is  unlimited. 


ERDC/CERL  TR-08-5,  Vol.  1 
February  2008 


Technology  Demonstration  of  the  Zero  Emissions 
Chromium  Electroplating  System 

K.  James  Hay  and  Stephen  W.  Maloney 

U.S.  Army  Engineer  Research  and  Development  Center 
Construction  Engineering  Research  Laboratory 
PO  Box  9005 

Champaign,  IL  61826-9005 

John  J.  Cannon 

Benet  Laboratories 
Watervliet  Arsenal 
Watervliet,  NY  12189-4050 

Max  R.  Phelps  and  Jason  Modrell 

Pacific  Northwest  National  Laboratory 
P  O.  Box  999 

Richland,  WA  99352-0999 


Final  Report 

Approved  for  public  release;  distribution  is  unlimited. 


Prepared  for  U.S.  Environmental  Protection  Agency 
26  West  Martin  Luther  King  Drive 
Cincinnati,  OH  45268-0001 


Under 


Work  Unit  #CNE-B091 


ABSTRACT:  This  report  documents  the  demonstration  of  a  technology  developed  by  PRD,  Inc,  for  control  of  chro¬ 
mium  emissions  during  hard  chromium  electroplating,  the  Zero  Emissions  System.  The  technology  involves  placing  a 
blanket  of  a  proprietary  fluid,  called  PRD-EL1,  on  top  of  the  plating  bath.  This  fluid  blanket  prevents  the  formation  of 
aerosols,  which  is  the  mechanism  by  which  chromium  is  emitted  from  the  plating  bath  to  the  air.  The  majority  of  the 
testing  was  directed  at  demonstration  of  the  effectiveness  of  chromium  plating  in  the  presence  of  the  immiscible  blanket. 
Testing  was  conducted  at  Benet  Laboratories  on  coupons  and  actual  parts  from  Army  vehicles.  The  results  indicate  that 
PRD-EL 1  may  cause  deleterious  effects  on  the  plating  process,  as  some  of  the  parts  failed  qualitative  tests  performed  at 
Benet.  However,  some  parts,  which  were  plated  without  the  fluid  blanket  present  as  a  baseline  control,  also  failed  the 
tests.  Air  sampling  results  indicate  that  the  presence  of  the  PRD-EL  1  fluid  reduced  the  chromium  emissions  to  below  the 
standard  and  the  indoor  air  concentration  below  the  previously  established  exposure  limit  but  near  the  new  exposure 
limit.  Overall,  the  results  indicate  that  the  use  of  the  PRD  process  would  require  additional  testing  before  it  could  be 
accepted  for  use  in  Army  production  and  maintenance  operations. 
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1  Introduction 


Background 

Chromium  plating  falls  into  two  categories  based  on  the  thickness  of  the  chromium 
deposit.  Decorative  or  “bright  chromium”  plating  has  a  plating  thickness  of  0.80  pm 
or  less  and  provides  a  bright,  reflective,  corrosion-resistant  coating  for  metals  and 
plastics,  while  functional  or  “hard  chromium”  deposits  are  usually  greater  than  0.80 
pm  and  are  used  for  industrial  purposes  such  as  wear  resistance. 

Hard  chromium  plating  is  used  extensively  throughout  the  Department  of  Defense 
(DoD)  to  protect  mission-critical  military  components  from  wear  and  corrosion.  Al¬ 
though  several  competing  technologies  have  been  considered,  the  DoD  has  not  found 
a  suitable  alternative  to  chromium  plating.  This  has  made  hard  chromium  the 
standard  plating  process  for  protecting  these  mission-critical  components  in  U.S. 
Army  land-  and  air-based  weapons  platforms. 

Unlike  other  plating  processes,  chromium  cannot  be  directly  deposited  on  the  target 
substrate  from  an  aqueous  bath  containing  the  metal  ions.  The  chromium  plating 
process  must  use  at  least  one  acid  radical  to  catalyze  the  cathodic  deposition  of  the 
chromium  onto  the  piece  being  plated,  and  the  chromium  is  usually  supplied 
through  a  complex  chemical  reaction  from  sources  containing  either  the  hexavalent 
Cr+6  or  Cr+3  ion. 

Anodes  for  the  process  can  be  made  from  a  variety  of  substrates  depending  on  the 
application,  but  the  preferred  anode  is  made  of  a  lead  alloy.  Other  metals  are  typi¬ 
cally  used  for  more  specialized  applications.  Watervliet  Arsenal  (WVA)  uses  a 
lead/copper  alloy,  while  Anniston  Army  Depot  (ANAD)  uses  iron  anodes. 

ANAD,  Corpus  Christi  Army  Depot  (CCAD),  and  WVA  use  the  more  traditional 
process  whereby  chromic  acid  (CrOa)  is  mixed  with  sulfuric  acid  (H2SO4)  and 
water  (H2O)  to  provide  the  plating  solution.  The  electrochemical  process 
reduces  Cr+6  to  elemental  chromium  for  deposition  onto  the  part  being  plated 
and,  in  the  process,  produces  an  excess  of  hydrogen.  These  hydrogen  bubbles 
form  at  the  cathode  and  rise  through  the  plating  bath  to  break  at  the  surface  of 
the  solution.  When  the  bubbles  break,  a  fine  mist  of  hexavalent  chromium  is 
dispersed  into  the  air  above  the  plating  bath. 
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These  emissions  pose  a  serious  health  hazard  and  are  highly  regulated.  Chromium 
has  long  been  known  to  be  extremely  carcinogenic  and  long-term  use  can  lead  to 
other  medical  problems  such  as  perforated  nasal  passages  and  persistent  skin 
rashes. 

As  such  a  number  of  different  technologies  have  been  developed  to  either  capture 
the  emissions  or  modify  the  bubble-bursting  action  at  the  surface  to  prevent  chro¬ 
mium  emissions  (Hay  1996;  Hay  et  al.  1999).  The  most  commonly  used  method  for 
hard  chromium  plating  operations  is  to  vent  the  emissions  into  ductwork  and  then 
filter  the  air  through  a  woven  mesh  screen  (demister)  to  remove  the  mist  from  the 
air  stream  and  thus  collect  the  chromium. 

These  demisters  work  by  rapidly  changing  the  direction  of  airflow  through  the  mesh 
screen,  which  causes  the  mist  to  disengage  from  the  exhausted  air.  While  in  opera¬ 
tion,  these  demisters  tend  to  become  clogged  with  the  components  of  the  mist  they 
are  removing  from  the  air  stream  and  from  the  water  used  to  supply  the  demisters. 
Demisters  and  their  operations  are  also  heavily  regulated  and  require  a  minimum 
airflow  through  the  mesh  to  operate  correctly.  As  such,  any  excessive  pressure  drop 
across  the  demister  results  in  a  need  to  either  clean  or  replace  the  demister.  In  ei¬ 
ther  case,  the  operation  results  in  downtime  for  the  plating  line  and  can  result  in 
heavy  regulatory  fines  if  an  excessive  concentration  of  chromium  (VI)  is  released  to 
the  atmosphere. 

ANAD  currently  uses  demisters  in  an  air  ventilation  system  that  collects  the  emis¬ 
sions  from  just  a  few  inches  above  the  plating  solution  surface.  They  also  use  poly¬ 
propylene  balls  to  provide  a  bursting  surface  for  the  bubbles  such  that  any  en¬ 
trained  chromium  will  collect  on  the  ball  and  return  to  the  bath,  which  allows  for 
the  free  escape  of  hydrogen.  While  these  methods  reduce  potential  chromium  emis¬ 
sions  by  98  percent  or  greater,  the  desire  to  move  to  a  more  efficient,  less  costly 
technology  is  still  strong. 

A  great  deal  of  care  must  be  used  in  choosing  alternative  technologies  because  the 
hexavalent  chromium  plating  process  is  sensitive  to  minor  changes  in  either  tem¬ 
perature  or  current  densities.  The  alternative  must  be  compatible  with  both  the 
bath  and  the  process.  For  example,  the  cathodic  current  efficiency  is  inversely  pro¬ 
portional  to  the  temperature  of  the  bath,  but  is  directly  proportional  to  the  current 
density.  On  the  plus  side,  the  process  is  not  adversely  affected  by  minor  bath  con¬ 
taminations.  Emissions-reducing  foams  or  blankets  are  the  more  promising  alter¬ 
native  technologies;  however,  care  must  be  given  to  address  the  issue  of  tempera¬ 
ture  control  of  the  plating  bath  and  to  avoid  entrapment  of  the  excess  hydrogen 
being  produced  by  the  plating  process. 
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The  Zero  Emission  System  (PRD  Tech,  Inc.,  Florence,  KY)  uses  a  proprietary  fluid 
to  form  an  emissions  blanket  in  the  form  of  an  immiscible  liquid  layer  that  covers 
the  chromic  acid  bath  to  eliminate  or  substantially  reduce  chromium  (VI)  aerosol 
emissions  from  the  tank  during  plating.  Results  have  been  promising  on  smaller 
scale  demonstrations  for  reducing  emissions  resulting  from  hard  chromium  plating. 
The  U.S.  Army  Engineer  Research  and  Development  Center/Construction  Engineer¬ 
ing  Research  Laboratory  (ERDC/CERL)  began  exploring  this  technology  as  an  op¬ 
tion  for  Army  plating  operations  in  2000  as  part  of  the  ERDC/CERL  Hazardous  Air 
Pollutants  (HAP)  Project. 


Objective 

The  objective  of  the  ERDC/CERL  HAP  Project  is  to  develop  and  demonstrate  cost- 
effective  technologies  to  help  the  Army  meet  current  and  future  demands  of  HAP 
regulations.  The  primary  objective  of  this  study  was  to  determine  if  the  Zero  Emis¬ 
sion  System  eliminates  chromium  emissions  from  a  production-scale  chromium  plat¬ 
ing  operation,  while  not  adversely  affecting  the  quality  of  the  plating  process.  Spe¬ 
cifically,  the  goals  were  to  meet  military  specifications  for  plating  quality  (AMS-QQ- 
C-320),  the  standard  of  0.015  mg/dscm  (milligrams  per  dry  standard  cubic  meter) 
for  stack  emissions  set  by  the  Chromium  Electroplating  National  Emission  Stan¬ 
dard  for  Hazardous  Air  Pollutants  (NESHAP;  Federal  Register  (FR)  60:4948),  and 
the  previous  Occupational  Safety  and  Health  Administration  (OSHA)  permissible 
exposure  limit  (PEL)  for  hexavalent  chromium  [Cr(VI)]  of  0.052  mg/m3  of  air  as  an 
8-hour  time-weighted  average  (U.S.  Code  of  Federal  Regulations  [CFR],  Title  29, 
Section  1910).  Since  the  completion  of  this  study,  OSHA  finalized  a  new  PEL  for 
Cr(VI)  of  0.005  mg/m3  of  air  as  an  8-hour  time-weighted  average  (29  CFR  1910, 
1915,  et  al.) 


Approach 

Data  were  gathered  related  to  the  full-scale  implementation  of  the  Zero  Emission 
process,  showing  that  parts  plated  with  this  process  in  place  meet  military  technical 
specifications  for  the  chromium  electroplating  finish  (AMS-QQ-C-320).  Demonstra¬ 
tion  testing  was  completed  on  an  active  production-scale  plating  line  (Building  114 
at  the  ANAD  in  Anniston,  AL).  Selected  military  parts  were  plated  during  two  test¬ 
ing  phases.  The  parts  were  then  tested  to  determine  the  quality  of  plating  with  re- 
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spect  to  AMS-QQ-C-320.  Air  sampling  was  conducted  during  the  second  testing 
phase  to  determine  if  air  quality  goals  could  be  met. 


Mode  of  Technology  Transfer 

This  technology  was  installed  and  tested  on  a  full-scale  electroplating  tank  at 
ANAD.  The  technology  has  since  been  removed.  This  report  documenting  the  dem¬ 
onstration  testing  of  the  Zero  Emission  System  will  be  made  accessible  through  the 
World  Wide  Web  (WWW)  at  URL:  http://www.cecer.army.mil. 

The  HAP  project  is  part  of  the  Army  Environmental  Quality  Technology  (EQT)  Pro¬ 
gram.  This  technology  was  tested  through  the  ERDC/CERL  HAP  Project,  which 
uses  6.3  advanced  development  and  field-testing  funds.  As  part  of  the  EQT  process, 
technology  transfer  plans  are  being  developed  by  the  U.S.  Army  Environmental 
Center  (AEC)  for  qualified  HAP  project  technologies. 
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2  Technology  Description 


The  Zero  Emission  System  developed  by  PRD  Tech,  Inc.  uses  a  proprietary  immis¬ 
cible  liquid  (PRD-ELl)  to  cover  the  chromium  bath  during  plating.  PRD-ELl  is  cir¬ 
culated  from  the  top  of  the  tank  down  through  the  liquid  sparger  assembly.  The  liq¬ 
uid  rises  through  the  chromic  acid  bath  back  to  the  surface,  which  provides  the 
necessary  mixing  in  the  tank  to  ensure  good  heat  transfer  during  plating.  The  layer 
resting  on  the  top  of  the  bath  captures  the  bubbles  produced  during  plating,  pre¬ 
venting  them  from  breaking  at  the  liquid-air  interface.  By  preventing  the  breakage 
of  bubbles  at  the  liquid-air  interface,  the  process  prevents  the  formation  of  hazard¬ 
ous  chromium  aerosols  that  have  traditionally  been  dealt  with  through  expensive 
scrubber  technology.  Figure  1  shows  the  process  flow.  Gases  entrained  in  the  PRD- 
ELl  liquid  (hydrogen  and  oxygen)  can  be  separated  in  a  PRD-ELl  liquid  storage 
tank  or  allowed  to  pass  through  the  liquid  into  the  existing  ventilation  system. 

The  cost  of  the  Zero  Emissions  System  depends  on  the  amount  of  design,  retrofit¬ 
ting,  and  PRD-ELl  fluid  necessary.  Chapter  3  lists  the  cost  of  the  system  used  in 
this  demonstration. 


LIQUID  LAYER  (PRD-ELl) 
ACID  BATH 


LIQUID  COLLECTOR 


■  Clear 


■  Non-Toxic 


■  Lower 
density 


RISING 

LIQUID 

DROPLETS 


■  Physiologically 
inert 


PLATE  s 
HEAT 

EXCHANGER 


SPARGER 


■  Non-volatile 


■  Immiscible 


Figure  1 .  Zero  emissions  process  flow. 


6 


ERDC/CERL  TR-05-35,  Vol.  1 


3  Site/Facility  Description 


Site/Facility  History 

Anniston  Army  Depot  is  an  active  facility  occupying  15,200  acres  in  Calhoun  County, 
AL,  about  8  miles  west  of  the  city  of  Anniston.  ANAD  consists  of  an  ammunition 
storage  area,  an  industrial  area,  and  an  administrative  and  housing  facility.  Since 
1948  the  depot  has  repaired  and  modified  combat  vehicles  and  artillery  equipment. 

ANAD  is  the  only  Army  depot  capable  of  performing  maintenance  on  both  heavy  and 
light-tracked  combat  vehicles  and  their  components.  It  is  the  designated  Center  of 
Technical  Excellence  for  the  Ml  Abrams  Tank  and  is  the  designated  candidate  depot 
for  the  repair  of  the  M60,  AVLB,  M728,  and  M88  combat  vehicles.  ANAD  has  as¬ 
sumed  responsibility  for  towed  and  self-propelled  artillery  as  well  as  the  Ml  13  Fam¬ 
ily  of  Vehicles.  Chromium  plating  operations  at  the  installation  are  used  to  refur¬ 
bish  and  manufacture  critical  components  of  these  combat  vehicles. 

Under  partnership  agreements,  a  wide  range  of  vehicle  conversions  and  upgrades 
are  currently  underway.  Depot  personnel  also  perform  maintenance  on  individual 
and  crew-served  weapons,  as  well  as  land  combat  missiles  and  small  arms.  Addi¬ 
tionally,  the  maintenance  and  storage  of  conventional  ammunition  and  missiles,  as 
well  as  the  storage  of  seven  percent  of  the  Nation’s  chemical  munitions  stockpile  (un¬ 
til  the  stockpile  is  demilitarized),  are  significant  parts  of  the  depot’s  overall  missions 
and  capabilities. 


Site/Facility  Characteristics 

The  site  of  the  Zero  Emissions  System  demonstrations  was  Building  114,  Chromium 
Plating  Line  2,  tanks  12-a  and  12-b.  Building  114  houses  the  depot’s  metal  finish 
operations.  The  building  houses  two  chromium  electroplating  lines,  Lines  1  and  2. 
Each  line  has  four  plating  tanks  and  its  own  connected  ventilation  and  air  pollution 
control  systems.  The  facility  location  allows  access  to  the  chromic  acid  bath  and 
drain  connections  to  the  building’s  chromic  acid  waste  lines,  electrical  power,  and 
sufficient  floor  space  for  equipment  installation. 
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Demonstration  Setup 

The  Zero  Emissions  System  was  installed  on  tank  12-b  (Figure  2)  of  Chromium 
Plating  Line  2,  Building  114.  The  process  was  also  installed  in  two  of  the  remaining 
three  tanks  in  Line  2  and  was  operational  in  tank  12-a  during  Phase  II.  However, 
no  test  parts  were  plated  in  tank  12-a.  A  sacrificial  part  was  plated  for  additional 
current  load  for  the  air  emissions  study  that  coincided  with  Phase  II.  During  this 
demonstration,  the  system  did  not  require  a  reservoir  tank  for  the  PRD-ELl  liquid; 
however,  space  was  maintained  in  case  it  was  needed.  Additionally,  a  liquid  spar¬ 
ger  was  installed  in  the  tank  to  sparge  PRD-ELl  liquid  throughout  the  plating  bath. 
A  small  pump  and  other  minor  plumbing  were  required  to  achieve  this  operation. 
Table  1  describes  the  placement  of  the  pumps  in  the  plating  tanks. 


Implementation  Cost 

The  cost  to  retrofit  one  tank  (12-b)  at  ANAD  with  the  Zero  Emissions  System  was 
$32,540.  This  cost  included  the  design,  fabrication,  installation,  and  PRD-ELl  to  a 
4-in.  depth.  Two  additional  tanks  on  Line  2  (12-a  and  12-c)  were  retrofitted  with 
the  Zero  Emissions  System  for  $58,850  during  the  second  phase  of  the  demonstra¬ 
tion.  Tank  12-d  was  not  used  as  an  electroplating  tank  during  this  demonstration. 
Therefore,  the  total  cost  to  implement  this  system  at  ANAD  on  a  plating  line  of 
three  tanks  was  $90,390. 

Other  implementation  issues  can  affect  the  total  cost  of  operation  for  this  system. 
Such  issues  (e.g.,  process  waste,  reliability,  ease  of  use,  procurement,  and  mainte¬ 
nance)  were  considered  during  the  implementation  and  testing  of  the  Zero  Emission 
System  at  ANAD. 
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Table  1.  Pump  placement  in  tanks. 


Tank  12-a 

2200  Gallon  Tank  (96  x  46  x  117  in.  deep)  with  Maximum  12-in.  Freeboard 

•  Two  BX3000-18  with  Titanium-tip  shaft,  90AFR1  adjustable  flow  restrictor  and  two  PMCXF20 
20-in.  long)  Permacore  Super  Magnum  Reusable  Filters 

•  Two  DCA3  drip  covers 

•  Two  SIFCA-CPVC  for  BX3000-18 

•  Two  single-pipe  bottom  sparging  system 


PUMP 


PUMP 


Tank  12-b 

780  Gallon  Tank  (47  x  47  x  70  in.  deep)  with  Maximum  12-in.  Freeboard 

•  One  BX3000-18  with  Titanium-tip  shaft,  90AFR1  adjustable  flow  restrictor  and  two  PMCXF20 
(20-in.  long)  Permacore  Super  Magnum  Reusable  Filters 

•  One  DCA3  drip  cover 

•  One  SIFCA-CPVC  for  BX3000-18 

•  One  dual-pipe  bottom  sparging  system 


Tank  12-c 


PUMP 


DUAL-SPARGER 
WITH  HOLES 


1050  Gallon  Tank  (96  x  30  x  96  in.  deep)  with  Maximum  12-in.  Freeboard 

•  One  BX3000-18  with  Titanium-tip  shaft,  90AFR1  adjustable  flow  restrictor  and  two  PMCXF20 
(20-in.  long)  Permacore  Super  Magnum  Reusable  Filters 

•  One  DCA3  drip  cover 

•  One  SIFCA-CPVC  for  BX3000-1 8 

•  One  single-pipe  bottom  sparging  system 


PUMP 
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4  Demonstration  Activities  -  Plating 
Quality 

Two  test  phases  were  conducted  at  ANAD  to  determine  the  effects  of  the  PRD- ELI 
on  the  plating  quality.  Phase  I  was  conducted  from  26-30  August  2002,  while 
Phase  II  was  conducted  from  2-6  June  2003.  This  chapter  describes  the  operation 
and  fluid  sampling  during  the  demonstration.  Additional  information  regarding 
this  demonstration  can  be  found  in  the  appendices.  A  complete  set  of  photographic 
images  taken  during  the  demonstration  are  shown  in  Appendix  E,  and  a  photocopy 
of  the  field  notes  is  contained  in  Appendix  F. 


Demonstration  Operation 

Parts  were  selected  from  production  lines  in  ANAD  and  CCAD.  Part  numbers, 
specifications,  and  associated  drawings  were  collected  for  reference  during  testing 
and  analysis.  Tables  2  and  3  list  parts  tested  during  Phases  I  and  II. 


Table  2.  Parts  tested  during  Phase  I. 


Part  Number 

Common  Name 

Test  Performed 

Originating 

Facility 

Baseline 

2-in.  PRD 

4-in.  PRD 

114L2425-1 

Piston 

X 

X 

CCAD 

145H7359-1 

Rod 

X 

X 

CCAD 

12304148 

Adapter 

X 

X 

X 

ANAD 

12286191 

LP  Shaft 

X 

X 

X 

ANAD 

12284387 

Spur  Gear 

X 

X 

X 

ANAD 

Test  coupons 

Coupons 

X 

X 

X 

ANAD 

Table  3.  Parts  tested  during  Phase  II. 


Part  Number 

Common  Name 

Test  Performed 

Originating 

Facility 

Baseline 

2-in.  PRD 

4-in.  PRD 

12304148 

Adapter 

X 

X 

X 

ANAD 

12286191 

LP  Shaft 

X 

X 

X 

ANAD 

Test  coupons 

Coupons 

X 

X 

X 

ANAD 
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The  system  was  operated  in  a  batch  mode.  Parts  were  lowered  into  the  tank  utiliz¬ 
ing  existing  handling  systems  (Figure  3).  Figures  4  and  5  show  how  the  parts  were 
arranged  in  the  tank. 

The  tank  solution  was  sampled  before,  during,  and  after  each  plating  batch.  Only 
one  sample  of  the  PRD  fluid  was  taken  during  the  entire  Phase  I  test.  During 
Phase  II,  however,  PRD  fluid  samples  were  taken  before,  during,  and  after  each 
plating  batch  along  with  the  tank  solution  samples.  These  samples  were  analyzed 
to  determine  background  contaminant  levels.  Parts  used  during  the  demonstration 
were  plated  per  ANAD  protocols  for  a  period  of  12  hours  under  normal  conditions. 

During  Phase  I,  the  baseline  test  was  conducted  first.  After  the  baseline  test  was 
complete,  PRD-ELl  liquid  was  added  to  the  tank  at  various  locations.  Several  parts 
were  plated  with  an  initial  PRD-ELl  depth  of  2  in.,  followed  by  another  plating  run 
with  the  PRD-ELl  fluid  maintained  at  a  depth  of  4  in. 

During  Phase  II,  the  baseline  test  was  conducted  last.  PRD-ELl  liquid  was  added 
to  the  tank  at  various  locations  in  preparation  for  the  first  plating  cycle.  Several 
parts  were  plated  with  an  initial  PRD-ELl  depth  of  4-in.,  followed  by  another  plat¬ 
ing  run  with  the  PRD-ELl  fluid  maintained  at  a  depth  of  2  in. 


Figure  3.  Test  parts  positioned  on  handling  systems. 
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Figure  4.  Arrangement  of  parts  within  the  tank  during  Phase  I. 


Coupon  Coupon  |_P  Shaft 

Adaptor  Coupon 


Figure  5.  Arrangement  of  parts  within  the  tank  during  Phase  II. 

The  liquid  depth  was  measured  using  a  beaker  and  measuring  tape  (Figure  6). 
Depths  were  recorded  at  the  same  temperature  to  account  for  expansion  of  the 
liquid  before  each  test  run  and  at  the  completion  of  the  run.  Amperage,  time, 
voltage,  and  temperature  were  also  recorded  during  testing  at  selected  intervals. 


\ 


Baakar 


Top  of  PRD  La y«r 


PRDFluldDapth 


Top  of  Chromic  Acid  Lay*  r 


Figure  6.  Depth  of  liquid  measured 
using  a  beaker  and  measuring  tape. 
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Fluid  Sampling 

Phase  I 

Phase  I  testing  was  divided  into  three  different  plating  cycles:  Baseline  (no  PRD 
fluid),  2-in.  PRD  Fluid  Level,  and  4-in.  PRD  Fluid  Level.  Table  4  is  a  quick  sum¬ 
mary  of  the  test.  All  chemical  samples  were  hermetically  sealed  and  labeled  for 
date,  time,  and  sample  identification.  Notations  of  the  sample  collections  were  also 
recorded  in  the  logbook  (Appendix  F). 

Baseline  Level 

Although  all  relevant  parts  were  plated,  only  one  sample  of  the  actual  chromic  acid 
solution  was  taken  to  be  analyzed  as  a  baseline/control  for  the  rest  of  the  samples. 


Table  4.  Phase  I  test  summary. 


Plating 

Cycle 

Day 

Time 

(hr) 

Step  in  Process 

Voltage 

Amps 

Temperature 

(°F) 

Samples 

Taken 

PRD  Fluid 
Depth 
(in.) 

8/26/02 

13:10 

Reverse  Etch 

1 

210 

130 

13:13 

Start 

3.6 

212 

133 

Baseline 

13:43 

3.6 

130 

Baseline 

14:15 

3.6 

133 

15:30 

4.2 

218 

125 

8/27/02 

01:00 

End 

4.2 

218 

125 

10:10 

Reverse  Etch 

1 

210 

133 

2 

2-in. 

10:13 

Start 

3.6 

230 

132 

A 

2 

PRD 

Fluid 

8/27/02 

16:11 

Middle 

3.9 

235 

132 

B 

2 

21:40 

End 

3.8 

236 

128 

C 

2 

06:50 

PRD  Fluid  Added 

0 

0 

121 

Cl 

4-in. 

08:00 

D 

4 

PRD 

Fluid 

09:28 

Reverse  Etch 

1 

180 

136 

09:32 

Start 

4 

240 

133 

8/28/02 

15:05 

Middle 

4 

250 

133 

E 

3.5 

21:00 

End 

3.8 

250 

131 

F 

3.75 
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2-in.  PRD  Fluid  Level 

Approximately  15  gallons  of  PRD-ELl  fluid  (clear  in  color)  was  added  to  the  plating 
bath,  creating  a  layer  roughly  2  in.  in  depth.  Samples  of  chromic  acid  solution  were 
taken  at  various  locations  within  the  plating  bath  using  a  syringe  so  as  not  to  con¬ 
taminate  the  sample  with  PRD  fluid.  Figure  7  shows  a  representation  of  how  this 
was  accomplished. 

During  this  plating  cycle,  it  was  recorded  in  the  logbook  that  the  PRD-ELl  solution 
had  turned  to  a  dark  yellow  (almost  mustard)  color.  Five  minutes  after  the  end  of 
this  plating  cycle,  however,  the  color  of  the  PRD-ELl  fluid  appeared  to  become  clear 
again. 


Figure  7.  A  representation  of  the  sampling. 


4-in.  PRD  Fluid  Level 

The  PRD-ELl  fluid  appeared  to  gain  a  brown-reddish  pallor  overnight.  Because  of 
the  unusual  color,  a  sample  of  the  PRD-ELl  solution  was  taken.  The  sample  was 
hermetically  sealed,  labeled  as  a  special  sample  (Cl),  and  date  and  time  were  re¬ 
corded.  Following  this  step,  the  extra  PRD-ELl  fluid  (approximately  15  gallons) 
was  added  to  the  existing  tank  to  bring  the  PRD-ELl  blanket  up  to  a  4-in.  depth. 
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After  an  hour  of  plating,  it  was  recorded  in  the  logbook  that  the  PRD- ELI  solution 
had  again  turned  a  dark  yellow  (almost  mustard)  color.  Later  in  the  day,  however, 
it  was  noted  that  the  bubbles  breaking  through  the  fluid  were  different  colors  (Fig¬ 
ure  8).  Bubbles  closer  to  the  pump  side  of  the  tank  turned  clear  before  bursting; 
however,  bubbles  bursting  farthest  from  the  pump  remained  black,  suggesting  that 
chromium  emissions  were  getting  through. 

During  this  time,  the  amperages  at  each  point  on  the  cathode  bar  and  on  one  anode 
bar  were  measured.  Figure  9  shows  the  results  of  the  measurements.  At  the  com¬ 
pletion  of  the  demonstration,  all  parts  and  samples  were  packaged  for  shipment  to 
Benet  Laboratories  for  analysis. 


Top  view  of  Plating  Tank 


Current  Measurements  at  4"  PRD  Level 
After  Cleaning  Cathode  Bar 
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Figure  9.  Phase  I  current  measurements. 
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Phase  II 

Phase  II  testing  was  divided  into  three  different  plating  cycles:  4-in.  PRD  Fluid 
Level,  2-in.  PRD  Fluid  Level,  and  Baseline  (no  PRD  fluid).  Table  5  is  a  quick  sum¬ 
mary  of  the  Phase  II  test. 


Table  5.  Phase  II  test  summary. 


Day 

Time 

(hr) 

Step  in 
Process 

Voltage 

Amps 

Temperature 

(°F) 

Samples 

Taken 

PRD  Fluid 
Depth  (in.) 

Notes 

0825 

Sample 

- 

- 

110 

Xa,  A,  B 

4 

1030 

Reverse  Etch 

- 

300 

131 

4 

6/3/03 

1032 

Start  Plate 

4.2 

200  +/-  10 

131 

4 

1627 

Sample 

4.7 

298  +/-5 

131 

C,  D 

3.75 

2215 

Sample 

4.6 

307  +/-5 

132 

E,  F 

3.75 

2237 

End  Plate 

0740 

Sample 

- 

- 

130 

G,  H 

2.25 

6/4/03 

0828 

Reverse  Etch 

- 

250 

130 

2.25 

Amperage  not  stable 

0830 

Start  Plate 

4.1 

285  +/-10 

129 

2.25 

1415 

Sample 

4.2 

270  +/-10 

129 

1,  J 

2.25 

1930 

Sample 

1.2 

157 

129 

K.  L 

2.25 

2000 

End  Plate 

0800 

Sample 

- 

- 

120 

M 

0 

0830 

Reverse  Etch 

300 

121 

0 

6/5/03 

0833 

Start  Plate 

4.2 

245+/-5 

121 

0 

1400 

Sample 

4.7 

296 

125 

N 

0 

1930 

Sample 

4.6 

305 

130 

O 

0 

2000 

End  Plate 

0 

All  chemical  samples  were  hermetically  sealed  and  labeled  for  date,  time,  and  sam¬ 
ple  identification.  Notations  of  the  sample  collections  were  also  recorded  in  the  log¬ 
book.  During  this  phase,  amperage  measurements  were  taken  at  each  of  the  parts 
positions.  These  measurements  were  taken  at  various  times  during  each  plating 
cycle  by  utilizing  an  ohmmeter  provided  by  ANAD.  Table  6  summarizes  the  results 
of  current  measurements. 
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Table  6.  Phase  II  current  measurements  summary. 


Cathode  Current  Measurements  (Am 

PS) 

Condition 

Time 

Position 

Total 

Comments 

Coupon 

Adaptor 

Coupon 

Coupon 

LP  Shaft 

From  Rectifier 

4-in. 

1047 

70 

49 

65 

40 

10 

200  +/-  10 

1627 

84 

58 

64 

58 

30 

298  +/-  5 

2200 

81 

57 

67 

61 

34 

307  +/-  5 

2-in. 

0840 

61 

39 

54 

54 

11 

235  +/-  10 

Jumping 

1400 

61 

22 

29 

69 

15 

270+/-  10 

Jumping 

1956 

35 

25 

28 

35 

9 

157 

Swinging  wildly 

0-in. 

0840 

68 

38 

58 

68 

17 

245  +/-  5 

1415 

70 

51 

67 

89 

21 

296 

Stable 

1930 

64 

50 

68 

90 

23 

305 

Stable 

4-in.  PRD  Fluid  Level 


The  PRD-ELl  fluid  was  added  to  the  tank  on  2  June  2003.  On  the  morning  of  3 
June,  what  appeared  to  be  a  brown-reddish  gelatinous  substance  had  formed  in  the 
tank  overnight.  A  special  sample  of  this  substance  was  taken  and  labeled  Xa.  Al¬ 
though  a  picture  was  taken  of  this  substance  in  tank  12-b,  the  picture  of  the  same 
type  of  substance  in  tank  12-a  (Figure  10)  was  much  clearer. 

Samples  of  chromic  acid  solution  and  PRD  fluid  were  taken  throughout  the  plating 
cycle  at  various  locations  within  the  plating  bath.  The  samples  of  chromic  acid  solu¬ 
tion  were  taken  using  a  syringe  so  as  not  to  contaminate  the  sample  with  PRD  fluid 
(Figure  7). 

Measurements  of  the  total  amperage  and  the  individual  amperage  at  each  anode 
were  taken  at  roughly  the  same  time  as  the  samples. 
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Figure  10.  Brown-reddish  gelatinous  substance  in  12-a. 

2-in.  PRD  Fluid  Level 

Approximately  15  gallons  of  PRD-EL1  fluid  were  removed  from  the  plating  bath, 
creating  a  layer  roughly  2-in.  in  depth.  Plating  and  sampling  were  conducted  in  the 
same  manner  as  in  the  4-in.  plating  cycle.  However,  the  amperage  during  this  plat¬ 
ing  cycle  was  not  steady  and  actually  swung  from  50  amps  to  more  than  290  amps 
throughout  most  of  the  latter  half  of  the  test.  Although  many  theories  as  to  the 
cause  of  this  instability  were  discussed  in  the  field,  no  definitive  answers  were 
found. 

Baseline  Level 

Morning,  afternoon,  and  evening  samples  of  chromic  acid  solution  were  taken  as  a 
baseline/control  for  the  rest  of  the  samples  to  be  analyzed  against.  At  the  comple¬ 
tion  of  the  Phase  II  tests,  all  parts  and  samples  were  packaged  for  shipment  to 
Benet  Laboratories  for  analysis. 
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5  Chemical  Analysis 


The  chemical  laboratory  at  Benet  Laboratories  analyzed  all  chromium  solution  and 
PRD- ELI  fluid  samples  from  Phases  I  and  II.  The  purpose  of  the  analyses  was  to 
determine  if  the  plating  solution  was  chemically  affected  by  the  presence  of  the 
PRD-ELl  fluid. 


The  samples  from  Phase  I  were  analyzed  for  the  four  following  elements:  chromic 
acid,  sulfuric  acid,  iron,  and  trivalent  chromium.  Table  7  shows  Phase  I  samples. 

The  chromium  solution  samples  from  Phase  II  were  analyzed  for  chromic  acid  and 
sulfuric  acid.  The  PRD  fluid  samples  from  Phase  II  were  analyzed  for  iron  and  total 
chromium.  Table  8  shows  Phase  II  samples. 


Table  7.  Phase  I  samples. 


Sample 

Description 

Baseline 

Initial  sample  taken  from  normal  plating  cycle  (1st  day) 

A 

Morning  sample  taken  from  2-in.  PRD  plating  cycle  (2nd  day) 

B 

Afternoon  sample  taken  from  2-in.  PRD  plating  cycle  (2nd  day) 

C 

Evening  sample  taken  from  2-in.  PRD  plating  cycle  (2nd  day) 

Cl 

*  Special  sample  taken  of  PRD  due  to  unusual  color  (3rd  day) 

D 

Morning  sample  taken  from  4-in.  PRD  plating  cycle  (3rd  day) 

E 

Afternoon  sample  taken  from  4-in.  PRD  plating  cycle  (3rd  day) 

F 

Evening  sample  taken  from  4-in.  PRD  plating  cycle  (3rd  day) 

Table  8.  Phase  II  samples. 


Sample 

Description 

Xa 

Sample  of  odd  material  taken  before  first  plating  cycle  (1st  day) 

A 

Morning  sample  of  chromium  taken  from  4-in.  PRD  plating  cycle  (1st  day) 

B 

Morning  sample  of  PRD  taken  from  4-in.  PRD  plating  cycle  (1st  day) 

C 

Afternoon  sample  of  chromium  taken  from  4-in.  PRD  plating  cycle  (1st  day) 

D 

Afternoon  sample  of  PRD  taken  from  4-in.  PRD  plating  cycle  (1st  day) 

E 

Evening  sample  of  chromium  taken  from  4-in.  PRD  plating  cycle  (1st  day) 

F 

Evening  sample  of  PRD  taken  from  4-in.  PRD  plating  cycle  (1st  day) 

G 

Morning  sample  of  chromium  taken  from  2-in.  PRD  plating  cycle  (2nd  day) 

H 

Morning  sample  of  PRD  taken  from  2-in.  PRD  plating  cycle  (2nd  day) 

1 

Afternoon  sample  of  chromium  taken  from  2-in.  PRD  plating  cycle  (2nd  day) 

J 

Afternoon  sample  of  PRD  taken  from  2-in.  PRD  plating  cycle  (2nd  day) 
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Sample 

Description 

K 

Evening  sample  of  chromium  taken  from  2-in.  PRD  plating  cycle  (2nd  day) 

L 

Evening  sample  of  PRD  taken  from  2-in.  PRD  plating  cycle  (2nd  day) 

M 

Morning  sample  of  chromium  taken  from  baseline  plating  cycle  (3rd  day) 

N 

Afternoon  sample  of  chromium  taken  from  baseline  plating  cycle  (3rd  day) 

0 

Evening  sample  of  chromium  taken  from  baseline  plating  cycle  (3rd  day) 

Chromic  Acid  (CrCh) 


The  analysis  was  performed  using  a  titration  of  ferrous  ammonium  sulfate  and  sul¬ 
furic  acid.  To  ensure  the  quality  of  the  results,  a  known  standard  was  titrated  at 
the  same  time.  Each  sample  was  analyzed  twice  and  an  average  was  computed. 
The  results  are  shown  in  Figures  11  (Phase  I)  and  12  (Phase  II). 

ANAD  has  specified  that  Cr03  within  plating  tanks  should  be  maintained  at  levels 
between  164  to  493  g/1.  Through  years  of  experience  with  the  plating  process,  WVA 
has  determined  that  optimum  plating  specifications  for  chromic  acid  are  achieved 
when  CrO.3  is  maintained  at  a  minimum  of  250  g/1  ±  10  g/1. 

As  can  be  seen  in  Figures  11  and  12,  the  samples  taken  during  this  demonstration 
passed  the  acceptable  limits  imposed  by  ANAD  with  the  exception  of  sample  M  (Fig¬ 
ure  12)  from  Phase  II. 


CrOs 


♦  low 
■  ayg 
high 


Figure  11.  Phase  I  chromic  acid  results. 
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Figure  12.  Phase  II  chromic  acid  results. 
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Sulfuric  Acid  (H2S04) 

Analysis  was  performed  using  a  DX-120  Ion  Chromatograph  (Dionex,  Sunnyvale, 
CA).  For  quality  assurance  purposes,  the  instrument  was  calibrated  before  each 
run,  and  a  known  standard  was  run  along  with  the  samples.  Each  sample  was  ana¬ 
lyzed  twice,  and  an  average  was  computed.  Figures  13  and  14  show  the  results  for 
Phases  I  and  II,  respectively. 
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Figure  13.  Phase  I  sulfuric  acid  results. 
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h2so4 


Figure  14.  Phase  II  sulfuric  acid  results. 


ANAD  has  specified  that  H2SO4  within  plating  tanks  should  be  maintained  at  levels 
between  1.64  to  4.93  g/1  (essentially  a  100  to  1  ratio  when  compared  to  CrCh).  This 
specification  was  met  by  all  samples.  WVA  has  determined  that  optimum  plating 
specifications  for  chromic  acid  are  achieved  when  CrOs  is  maintained  at  a  minimum 
of  2.5  g/1  ±0.1  g/1.  When  compared  with  the  WVA  specifications  for  Cr03,  however, 
the  WVA  also  uses  a  100  to  1  ratio. 


Iron  (Fe) 

Analysis  was  performed  using  Inductive  Coupled  Plasma  Optical  Emission  Spec¬ 
trometry.  An  Optima  3100XL  Spectrometer  (PerkinElmer,  Wellesley,  MA)  was 
used.  Once  again,  for  quality  assurance  purposes,  the  instrument  was  calibrated 
before  each  run  and  a  known  standard  was  run  with  the  samples.  Each  sample  was 
analyzed  twice,  and  an  average  was  computed.  Figures  15  and  16  show  the  results 
for  Phases  I  and  II,  respectively. 

ANAD  has  specified  that  Fe  within  plating  tanks  should  be  maintained  at  levels  be¬ 
low  7.5  g/1.  WVA  has  also  determined  that  optimum  plating  specifications  for  chro¬ 
mic  acid  are  achieved  when  Fe  is  maintained  at  a  level  below  7.5  g/1.  Figures  15 
and  16  show  that  the  chromium  samples  from  Phase  I  and  most  of  the  PRD  samples 
from  Phases  I  and  II  meet  this  specification.  However,  samples  Xa  and  J  from 
Phase  II  indicate  large  amounts  of  iron  suspended  in  the  PRD  fluid. 


22 


ERDC/CERL  TR-05-35,  Vol.  1 


Fe 


2.870 


2.820 


o  2.770 


2.720 


2.670 


Baseline  A  B  C  Cl  D 

samples 


♦  Iron 


Figure  15.  Phase  I  iron  results. 


Figure  16.  Phase  II  iron  results. 
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Trivalent  Chromium 

Phase  I 

Analysis  for  Phase  I  was  performed  using  a  PerkinElmer  Lambda  40  Ultravio¬ 
let/Visible  (UV/Vis)  Spectrometer.  The  instrument  was  calibrated  before  use,  and  a 
known  standard  was  run  with  the  samples.  Each  sample  was  analyzed  twice,  and 
an  average  was  computed.  Figure  17  shows  the  results. 

ANAD  has  specified  that  Trivalent  Chromium  [Cr  (III)]  within  plating  tanks  should 
be  maintained  at  levels  below  7.5  g/1.  WVA  has  also  determined  that  optimum  plat¬ 
ing  specifications  for  chromic  acid  are  achieved  when  Cr  (III)  is  maintained  at  a 
minimum  of  7.5  g/1.  As  shown  in  Figure  17,  the  chromium  solution  samples  taken 
during  this  phase  did  not  show  excessive  amounts  of  trivalent  chromium.  The  spe¬ 
cial  sample  taken  (Cl)  has  a  higher  level  of  trivalent  chromium  than  the  other  sam¬ 
ples,  but  still  meets  the  specification. 


5.500 
5.000 

4.500 
4.000 

3.500 
3.000 

2.500 
2.000 

1.500 
1.000 


M 


M 


9>  O  &  Q 


samples 


L3- 

n 


<*  << 


Cr(III) 


♦  low 
■  average 
high 


Figure  17.  Phase  I  trivalent  chromium  results. 


24 


ERDC/CERL  TR-05-35,  Vol.  1 


Phase  II 

Only  the  PRD  fluid  samples  were  analyzed  for  the  presence  of  trivalent  chromium 
during  the  Phase  II  chemical  analyses.  In  contrast  to  Phase  I,  total  chromium  was 
measured  instead  of  just  trivalent  chromium  using  an  ICP  Emission  Spectrometer. 
The  instrument  was  calibrated  before  use  and  a  known  standard  was  run  with  the 
samples.  Each  sample  was  extracted  by  diluting  it  with  nitric  acid  and  then  heated 
for  24  hours  at  approximately  75  °C.  The  samples  were  then  placed  in  a  separatory 
funnel  to  cool,  and  the  chromium  was  extracted.  Figure  18  shows  the  results  of  the 
total  chromium  extraction. 

With  the  possible  exception  of  sample  Xa,  the  PRD  samples  taken  during  Phase  II 
did  not  show  excessive  amounts  of  trivalent  chromium.  The  special  sample  (Xa  - 
brown-reddish  gelatinous  substance  found  in  the  electroplating  tank  the  morning 
after  PRD  fluid  was  added  to  the  tank)  suggests  an  interesting  reaction  may  have 
occurred  between  the  plating  solution  and  the  PRD  fluid.  The  sampled  material 
broke  up  easily  and  appeared  to  be  an  emulsion;  thus,  the  reaction  may  result  in  an 
emulsion  that  floats  to  the  surface  of  the  PRD  fluid. 


Figure  18.  Phase  II  total  chromium  in  PRD  fluid  results. 


Summary 

Tables  9  and  10  summarize  the  chemical  analysis  results  from  Phases  I  and  II.  Ap¬ 
pendices  A  and  B  show  the  tabulated  form  of  the  chemical  analysis  results  for 
Phases  I  and  II,  respectively. 
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Table  9.  Results  summary  of  Phase  I  chemical  analysis. 


Sample 

Cr03  (g/l) 
(average) 

H2S04  (g/l) 
(average) 

Fe  (g/l) 
(average) 

Cr  lll(g/l) 
(average) 

Baseline 

231.53 

2.60 

2.891 

1.502 

A 

236.10 

2.64 

2.853 

1.640 

B 

236.48 

2.68 

2.809 

1.507 

C 

236.35 

2.68 

2.797 

1.499 

Cl 

230.26 

2.53 

2.818 

5.427 

D 

232.30 

2.58 

2.707 

1.525 

E 

231.91 

2.62 

2.697 

1.247 

F 

232.68 

2.63 

2.682 

1.578 

Table  10. 

Results  summary  of  Phase  II  chemical  analysis. 

Sample 

Cr03  (g/l) 
(average) 

H2S04  (g/l) 
(average) 

Fe  (g/l) 
(average) 

Cr  (g/l) 
(average) 

Xa 

112 

10.56 

A 

204.54 

2.32 

B 

0.0002 

0.018 

C 

205.68 

2.29 

D 

0.4 

0.740 

E 

205.55 

2.32 

F 

0.04 

0.010 

G 

205.04 

2.22 

H 

0.002 

0.02 

1 

205.81 

2.22 

J 

54.4 

3.684 

K 

205.68 

2.25 

L 

0.4 

1.088 

M 

152.58 

1.70 

N 

193.10 

2.11 

o 

190.69 

2.13 

The  Phase  I  results  indicate  that  all  of  the  plating  solution  samples  were  consistent 
with  the  baseline  samples  and  met  optimum  plating  specifications  imposed  by 
ANAD  for  chromic  acid,  sulfuric  acid,  iron,  and  trivalent  chromium.  Phase  II  plat¬ 
ing  solution  samples  also  met  the  ANAD  specifications  for  chromic  acid  and  sulfuric 
acid  with  the  exception  of  sample  M,  which  was  a  baseline  sample.  These  results 
suggest  that  the  plating  solution  was  not  adversely  affected  by  the  presence  of  the 
PRD-ELl  fluid. 


One  PRD-ELl  fluid  sample  (Cl)  from  Phase  I  and  seven  PRD-ELl  fluid  samples 
from  Phase  II  were  analyzed.  Sample  Cl  was  shown  to  contain  a  higher  level  of  tri¬ 
valent  chromium  than  the  plating  solution  samples.  Surprisingly,  Cl  contained 
similar  amounts  of  chromic  acid,  sulfuric  acid,  and  iron  as  contained  in  the  plating 
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solution  samples.  Because  of  these  concentrations,  it  is  most  likely  that  Cl  was  ac¬ 
tually  a  sample  of  the  plating  solution  near  the  fluid  interface  rather  than  the  PRD- 
EL1  fluid.  Sample  Xa  contained  higher  levels  of  chromium  than  did  the  other  PRD- 
ELl  fluid  sample,  but  this  sample  and  the  others  from  Phase  II  did  not  indicate  a 
total  chromium  concentration  that  would  be  expected  in  Cl  or  the  plating  solution 
samples.  In  addition,  samples  Xa  and  J  contained  much  more  iron  than  the  other 
PRD-EL1  fluid  samples  and  the  plating  solution  samples  from  Phase  I.  These  data 
and  the  observations  noted  in  the  previous  chapter  indicate  that  the  PRD- ELI  fluid 
would  on  occasion  either  become  difficult  to  distinguish  from  the  chromic  acid  solu¬ 
tion  or  undergo  an  undetermined  reaction  that  changed  the  appearance  and  chemi¬ 
cal  makeup  of  the  fluid. 
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6  Material  Analysis 

Phase  I 

The  parts  were  individually  photographed  and  catalogued  by  the  Benet  Materials 
Laboratory.  A  short  scope  of  work  was  identified  to  determine  the  type  of  testing 
that  would  be  most  relevant  in  ascertaining  if  the  parts  would  meet  Army  specifica¬ 
tions.  Each  component  and  coupon  was  subjected  to  the  following  American  Society 
for  Testing  and  Materials  (ASTM)  and  Society  of  Automotive  Engineers  tests/ 
evaluations: 

a.  Thickness  Testing  in  accordance  with  ASTM  B487 

b.  Adhesion  Testing  in  accordance  with  ASTM  B571  (para.  8) 

c.  Quality  Testing  in  accordance  with  AMS  2406K  (para.  3.5) 

d.  Porosity  Testing  in  accordance  with  AMS-QQ-C-320 

e.  Hardness  Testing  in  accordance  with  ASTM  B578. 

Because  each  part  was  plated  for  12  hours  regardless  of  its  specified  plating  time, 
hydrogen  testing  (in  accordance  with  ASTM  F  519)  was  not  performed.  Table  11 
summarizes  the  results  obtained. 

The  results  show  that  3  of  the  13  components,  and  2  of  the  3  coupons  failed  at  least 
one  test.  One  of  the  component  failures  was  actually  a  component  subjected  to  the 
conventional  electroplating  process  (i.e.,  no  PRD-ELl  fluid  blanket).  Additionally, 
microhardness  and  thickness  of  the  plating  were  noticeably  decreased  in  the  com¬ 
ponents  PRD-processed  (114L2425-1  and  145H77359-1  series)  when  compared  to 
their  conventionally  plated  counterpart  components.  This  decrease  was  more  pro¬ 
nounced  in  component  114L2425-1  2-in.  PRD. 

The  entire  report  received  from  the  Benet  Materials  Laboratory  for  Phase  I  can  be 
found  in  Appendix  C.  Appendix  G  contains  a  discussion  of  the  results  presented  on 
Phase  I  by  the  process  inventor  and  offers  explanations  for  some  of  the  variations  in 
plating  quality.  During  the  demonstration,  ANAD  conducted  the  plating  operations 
in  a  manner  consistent  with  normal  operations.  The  only  difference  was  the  pres- 
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ence  of  the  PRD-EL1  fluid.  Although  the  observations  detailed  in  Appendix  G  may 
explain  some  of  the  failures  and  variation  in  quality,  it  is  highly  unlikely  that  spe¬ 
cial  operational  changes  can  be  made  for  the  purpose  of  using  PRD-ELl  as  the 
chromium  emission  control  method. 


Table  11.  Summary  of  Phase  I  materials  analysis. 


Part  Identification 

Thickness 

(in.) 

Adhesion 

(Pass/Fail) 

Quality 

(Pass/Fail) 

Porosity 

(Pass/Fail) 

Microhardness 

(HV)* 

114L2425-1  Baseline 

0.0113 

Pass 

Pass 

Pass 

Pass  (906.90) 

114L2425-1  2-in.  PRD 

0.0040 

Pass 

Pass 

Pass 

Pass  (824.20) 

145H7359-1  Baseline 

0.0137 

Fail 

Pass 

Pass 

Pass  (921.33) 

145H7359-1  4-in.  PRD 

0.0126 

Pass 

Pass 

Pass 

Pass  (885.87) 

12304148  Baseline 

0.0074 

Pass 

Pass 

Pass 

Pass  (855.33) 

12304148  2-in.  PRD 

0.0070 

Pass 

Fail 

Pass 

Pass  (858.60) 

12304148  4-in.  PRD 

0.0094 

Pass 

Pass 

Pass 

Pass  (858.60) 

12286191  Baseline 

0.0232 

Pass 

Pass 

Pass 

Pass  (877.07) 

12286191  2-in.  PRD 

0.0131 

Pass 

Pass 

Pass 

Pass  (885.47) 

12286191  4-in.  PRD 

0.0129 

Pass 

Pass 

Pass 

Pass  (894.40) 

12284387  Baseline 

0.0149 

Pass 

Pass 

Pass 

Pass  (885.33) 

12284387  2-in.  PRD 

0.0097 

Pass 

Pass 

Pass 

Pass  (856.07) 

12284387  4-in.  PRD 

0.0183 

Pass 

Fail 

Pass 

Pass  (835.07) 

Baseline  Coupons 

0.0038 

Pass 

Pass 

Pass 

Pass  (844.87) 

2-in.  PRD  Coupons 

0.0031 

Fail 

Pass 

Pass 

Pass  (837.40) 

4-in.  PRD  Coupons 

0.0060 

Fail 

Pass 

Pass 

Pass  (893.00) 

HV  -  A  unit  of  hardness  based  on  the  Vickers  Method. 

Phase  II 

Testing  was  conducted  in  accordance  with  AMS  2406K  (“Plating,  Chromium  Hard 
Deposit,”  para.  4.2.3)  and  AMS-QQ-C320  (“Chromium  Plating”,  para.  3.4.2  and 
4.5.4).  Table  12  identifies  the  supplied  components  and  coupons. 

Table  12.  Supplied  components  and  coupons. 

_ Components/Coupons _ 

_ 12304148  Baseline _ 

_ 12304148  2-in.  PRD _ 

_ 12304148  4-in.  PRD _ 

_ 12286191  Baseline _ 

_ 12286191  2-in.  PRD _ 

_ 12286191  4-in.  PRD _ 

_ Baseline  coupons _ 

_ 2-in.  PRD  coupons _ 

_ 4-in.  PRD  coupons _ 
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All  components  and  coupons  were  produced  at  ANAD.  The  components/coupons 
were  subjected  to  three  different  chromium  plating  conditions  or  lots:  baseline  (con¬ 
ventional)  plating,  2-in.  PRD  fluid  plating,  and  4-in.  PRD  fluid  plating.  All  compo¬ 
nents  were  plated  for  12  hours  duration.  As  with  Phase  I,  each  component  and  cou¬ 
pon  was  subjected  to  the  following  tests/evaluations: 

a.  Thickness  Testing  in  accordance  with  ASTM  B487 

b.  Adhesion  Testing  in  accordance  with  ASTM  B571  (para.  8) 

c.  Quality  Testing  in  accordance  with  AMS  2406K  (para.  3.5) 

d.  Porosity  Testing  in  accordance  with  AMS-QQ-C-320 

e.  Hardness  Testing  in  accordance  with  ASTM  B578. 

Results/Discussion 

Thickness 

Chromium  plating  thickness  was  measured  by  examining  a  metallographic  cross- 
section  of  the  component/coupon  in  accordance  with  ASTM  B487.  Multiple  cross- 
sections  were  obtained  from  each  component/coupon.  These  cross-sections  were 
mounted,  polished,  and  etched  with  a  2  percent  nital  solution. 

Table  13  shows  the  thickness  of  the  chromium  plating  for  each  test  piece.  Meas¬ 
urements  were  taken  at  multiple  points  on  each  sample  and  averaged.  Plating 
thicknesses  on  components  and  coupons  have  no  specific  requirements,  so  the  val¬ 
ues  are  reported  mainly  for  comparing  the  varied  plating  processes. 


Table  13.  Chromium  plating  thickness. 


Part  Identification 

Plating  Thickness  (in.) 

12304148  Baseline 

0.006 

12304148  2-in. 

0.003 

12304148  4-in. 

0.006 

12286191  Baseline 

0.017 

12286191  2-in. 

0.013 

12286191  4-in. 

0.013 

Baseline  Coupon 

0.002  see  note 

2-in.  PRD  Coupon 

0.001  see  note 

4-in.  PRD  Coupon 

0.001  see  note 

Note:  The  average  thickness  for  2-in.  and  4-in.  PRD  was  below  the  minimum  recommended  thickness  requirement  of 
AMS  2406K  (0.002  in.).  Additionally,  all  three  coupon  sets  had  rough  substrate  surface  finishes  compared  with  the  actual 
components.  This  rougher  surface  appeared  to  deleteriously  affect  the  plating  process  and  resulting  plating. 

Figure  19  shows  an  example  of  a  cross  section  used  for  thickness  measurements. 
Figure  20  is  an  example  cross  section  showing  thickness  and  substrate  finish. 


30 


ERDC/CERL  TR-05-35,  Vol.  1 


( Mounting  Media ) 


Chrome  Pi  at  ins 


08/06/2003 


t 

0.002" 

Substrate 

(Coupon) 


Figure  20.  Baseline  Coupon  with  thin  plating  and  rough  substrate  surface  finish. 
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Adhesion 

Adhesion  testing  was  conducted  in  accordance  with  ASTM  B571  (para. 8).  The 
Grind  Saw  Test  was  performed  on  eight  areas  for  each  specimen,  and  the  areas 
were  then  examined  at  5X  magnification.  Table  14  shows  results  from  this  test. 


Table  14.  Results  from  the  Grind  Saw  Test. 


Part  Identification 

Adhesion  (Pass/Fail) 

12304148  Baseline 

Fail 

12304148  2-in.  PRD 

Fail 

12304148  4-in.  PRD 

Fail 

12286191  Baseline 

Pass 

12286191  2-in.  PRD 

Pass 

12286191  4-in.  PRD 

Pass 

Baseline  Coupons 

Fail 

2-in.  PRD  Coupons 

Fail 

4-in.  PRD  Coupons 

Fail 

The  ASTM  specification  states  that  lifting  or  peeling  of  the  coating  is  evidence  of 
unsatisfactory  adhesion.  Figures  21-24  show  some  failed  samples. 


Figure  21.  Failed  sample  (4148  4  in). 


Figure  22.  Failed  sample  (4148  Baseline). 


Figure  23.  Failed  sample  (Coupon  2  in). 


Figure  24.  Failed  sample  (Coupon  Baseline). 
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Quality 

Quality  testing  was  performed  on  each  piece  (components,  coupons)  by  visual  in¬ 
spection  in  accordance  with  AMS  2406K  (para.  3.5).  The  specification  requires  that 
the  plating  be  firmly  bonded  to  the  base  metal,  while  maintaining  a  smooth  and  uni¬ 
form  appearance.  Pinholes  and  other  small  imperfections  that  resulted  from  the 
plating  not  filling  in  defects  on  the  surface  metal  are  considered  acceptable.  A  mag¬ 
nification  of  5X  was  used  to  inspect  the  pieces.  Table  15  shows  the  results. 


Table  15.  Quality  testing  results  by  visual  inspection. 


Part  Identification 

Quality  (Pass/Fail) 

12304148  Baseline 

Pass 

12304148  2-in.  PRD 

Pass 

12304148  4-in.  PRD 

Fail 

12286191  Baseline 

Fail 

12286191  2-in.  PRD 

Pass 

12286191  4-in.  PRD 

Pass 

Baseline  Coupons 

Pass 

2-in.  PRD  Coupons 

Pass 

4-in.  PRD  Coupons 

Pass 

Coupon  12304148  4-in.  has  several  small  surface  pits  (not  through  to  base  metal) 
and  12286191  Baseline  has  visible  pimples,  hairline  surface  cracks  (not  through  to 
base  metal),  and  a  generally  rough  texture. 

Porosity 

Porosity  testing  was  conducted  in  accordance  with  AMS-QQ-C-320.  A  ferroxyl  test 
was  completed  by  soaking  filter  paper  in  ferroxyl  solution  and  heating  to  180-200 
°F.  The  paper  was  then  placed  over  the  entire  plated  area  on  each  piece  for  10  min¬ 
utes.  Blue  markings  occurred  on  the  filter  paper  as  a  result  of  the  reaction  of  the 
base  metal  with  the  solution.  These  markings  are  indicative  of  porosity.  Table  16 
shows  test  results. 
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Table  16.  Results  of  porosity  testing  conducted  in 
accordance  with  AMS-QQ-C-320. 


Part  Identification 

Porosity  (Pass/Fail) 

12304148  Baseline 

Pass 

12304148  2-in.  PRD 

Pass 

12304148  4-in.  PRD 

Pass 

12286191  Baseline 

Pass 

12286191  2-in.  PRD 

Pass 

12286191  4-in.  PRD 

Pass 

Baseline  Coupons 

Pass 

2-in.  PRD  Coupons 

Fail 

4-in.  PRD  Coupons 

Fail 

Hardness 

Hardness  testing  was  completed  in  accordance  with  ASTM  B578.  A  Vickers  in- 
denter  with  a  100-gram  load  was  used.  The  minimum  acceptable  hardness  as  per 
the  standard  was  700  HV.  The  average  hardness  for  all  samples  was  above  the  700 
HV  minimum  (Table  17).  Additionally,  no  individual  hardness  readings  were  below 
700  HV. 


Table  17.  Average  hardness  for  all  samples. 


Part  Identification 

Avg.  Microhardness  (HV) 

1230418-  Baseline 

949 

12304148-  2-in. 

933 

12304148-  4-in. 

940 

12286191-  Baseline 

929 

12286191- 2-in. 

932 

12286191- 4-in. 

947 

Baseline  Coupon 

876 

2-in.  PRD  Coupon 

* 

4-in.  PRD  Coupon 

865 

*  The  hardness  of  the  plating  on  Coupon  2-in.  PRD  was  too 
thin  to  measure  at  the  required  HVioo  load. 
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Summary 

Table  18  summarizes  results  from  Phase  II. 


Table  18.  Summary  of  Phase  II  results. 


Part  Identification 

Thickness 

(in.) 

Adhesion 

(Pass/Fail) 

Quality 

(Pass/Fail) 

Porosity 

(Pass/Fail) 

Microhardness 

(HV) 

Baseline 

0.006 

Fail 

Pass 

Pass 

Pass  (949.0) 

12304148 

2-in.  PRD 

0.003 

Fail 

Pass 

Pass 

Pass  (933.0) 

4-in.  PRD 

0.006 

Fail 

Fail 

Pass 

Pass  (940.0) 

Baseline 

0.017 

Pass 

Fail 

Pass 

Pass  (929.0) 

12286191 

2-in. PRD 

0.013 

Pass 

Pass 

Pass 

Pass  (932.0) 

4-in.  PRD 

0.013 

Pass 

Pass 

Pass 

Pass  (947.0) 

Baseline 

0.002 

Fail 

Pass 

Pass 

Pass  (876.0) 

Coupons 

2-in.  PRD 

0.001 

Fail 

Pass 

Fail 

No  result  -  too  thin 

4-in.  PRD 

0.001 

Fail 

Pass 

Fail 

Pass  (865.0) 

HV  -  A  unit  of  hardness  based  on  the  Vickers  Method. 


Table  18  shows  that  four  of  the  six  components  and  the  three  coupons  failed  at  least 
one  test.  All  components  and  coupons  subjected  to  the  conventional  electroplating 
process  failed  at  least  one  of  the  tests.  Appendix  D  contains  the  Phase  II  Benet  Ma¬ 
terials  Laboratory  report. 
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7  Air  Sampling  Results 


The  U.S.  Army  Center  for  Health  Promotion  and  Preventive  Medicine  (CHPPM) 
conducted  air  sampling  tests  during  Phase  II.  The  sampling  included  both  stack 
analysis  for  process  emissions  and  indoor  air  sampling  for  worker  exposure.  The 
complete  results  submitted  by  CHPPM  are  shown  in  Appendix  I  (Volume  2  of  this 
report).  Those  results  are  summarized  in  this  chapter. 


Stack  Sampling 

ANAD  has  two  chromium  electroplating  lines,  and  each  has  a  separate  air  handling 
system.  The  stack  testing  occurred  on  plating  line  2  because  that  was  the  line  with 
the  Zero  Emissions  System  installed.  During  the  stack  sampling,  the  demisters 
were  removed  from  the  exhaust  stack  so  that  the  process  effluent  could  be  tested 
without  removing  the  aerosols.  The  ductwork  for  plating  line  2  was  replaced  prior 
to  the  Phase  II  tests  so  that  there  was  minimal  residual  chromic  acid  in  the  ducts  at 
the  beginning  of  the  tests.  Tank  1 2-a  (also  containing  the  appropriate  level  of  PRD- 
fluid)  was  put  into  operation  to  substantially  increase  the  amperage  (by  plating  a 
sacrificial  part).  Three  separate  sampling  runs  were  conducted  for  each  plating 
test,  and  the  average  of  the  three  runs  was  used  to  evaluate  whether  the  process 
meets  the  effluent  standard  (0.015  mg/dscm,  Chromium  Electroplating  NESHAP). 
During  Run  1,  when  the  PRD  fluid  level  in  the  tanks  was  4-in.,  it  was  discovered 
that  a  tank  on  Line  1  was  in  operation.  This  additional  processing  had  the  effect  of 
increasing  indoor  air  concentrations  and  potentially  the  stack  concentration.  The 
tank  was  covered  with  plastic  for  the  remainder  of  the  tests.  The  data  from  Run  1 
have  been  eliminated  from  the  average  calculations  for  both  the  stack  emissions  and 
indoor  air  samples.  Table  19  summarizes  the  stack  emissions  results. 


Table  19.  Stack  emissions  summary  results. 


Test  Series 

4-in.  PRD-EF1 

2-in.  PRD-EL1 

No  PRD-EL1 

Amperage 

Tank  12-a 

1,100 

1,100 

1,100 

Tank  12-b 

300 

300 

300 

Total  Amperage 

1,400 

1,400 

1,400 

Stack  Emission  Data 

Total  Cr  mg/dscm 

0.008 

0.008 

0.014 
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The  results  show  that  use  of  the  PRD-ELl  fluid  blanket  reduced  emissions  com¬ 
pared  with  no  PRD-ELl  fluid  and  with  a  level  below  the  standard.  Surprisingly, 
the  standard  was  also  achieved  by  the  baseline  tests  in  which  no  PRD-ELl  was 
used.  It  was  noted  during  the  baseline  tests  (no  PRD-ELl)  that  a  slight  but  visible 
amount  of  PRD  fluid  remained  at  the  surface  of  the  tank.  These  baseline  results 
are  suspect  because  the  emission  creation  process  depends  strongly  on  the  condi¬ 
tions  of  the  plating  surface.  Therefore,  no  conclusions  can  be  made  about  the  level 
of  reduction,  and  it  is  highly  likely  that  the  baseline  result  is  low. 


Indoor  Air 

Indoor  air  samples  were  collected  inside  the  plating  facility  using  Total  Suspended 
Particulate  (TSP)  samplers.  These  samplers  are  designed  to  collect  all  airborne  par¬ 
ticles  and  low  vapor  pressure  liquid  particles  (aerosols)  from  approximately  0.8  pm 
to  greater  than  100  pm.  Details  of  the  collection  system  and  sampling  procedures 
are  documented  in  Appendix  I.  One  sampler  was  placed  to  the  west  of  Plating  Line 
2,  6  ft  away  from  tank  12-b.  The  other  sampler  was  placed  to  the  east  of  Plating 
Line  2,  12  ft  away  from  tank  12-b.  The  west  sampler  was  in  between  Plating  Lines 
1  and  2,  and  the  east  sampler  was  on  the  opposite  side  of  Plating  Line  2.  Thus,  the 
west  sampler  was  subject  to  possible  emissions  from  a  line  that  was  not  controlled 
by  PRD-ELl.  As  mentioned  earlier,  results  from  Run  1  of  the  4-in.  PRD  test  have 
been  discarded  because  an  uncovered  tank  was  being  used  on  Line  1.  Table  20 
shows  the  summary  results  from  the  TSP  samplers. 

The  results  from  the  west  sampler  are  higher  than  the  east  sampler,  as  expected, 
and  the  highest  results  are  from  the  test  with  no  PRD-ELl  fluid.  The  test  with  the 
4-in.  PRD  fluid  gave  the  best  indoor  air  sampling  results.  All  the  results,  except  the 
west  sampler  with  no  PRD-ELl  fluid,  met  the  previous  OSHA  PEL  of  0.052  mg/m3. 
Again,  the  results  of  the  test  with  no  PRD-ELl  fluid  are  suspect  because  of  the 
presence  of  residual  PRD  fluid  on  the  surface.  It  is  likely  that  these  results  would 
be  higher  if  the  PRD  fluid  were  absent.  The  indoor  air  results  indicate  that  the 
PRD-ELl  fluid  reduced  the  fugitive  emissions  well  below  the  previous  OSHA  PEL, 
but  the  level  of  reduction  is  uncertain.  It  should  be  pointed  out  that  other  factors 
also  influence  the  indoor  air  chromium  concentration,  such  as  the  effectiveness  of 
the  ventilation  system  and  the  air  flow  patterns  in  the  building.  Two  of  the  east 
sampler  results  with  PRD,  but  none  of  the  west  sampler  results  met  the  new  final¬ 
ized  OSHA  PEL  (0.005mg/m3).  This  suggests  that  it  is  questionable  whether  the 
PRD  fluid  will  reduce  the  fugitive  emissions  enough  to  meet  the  new  PEL. 
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Table  20.  Total  Suspended  Particle  -  Indoor  Air  Samples. 


Test  Series 

4-in.  PRD-EF1 

2-in.  PRD-EL1 

No  PRD-EL1 

TSP  Sampler  Data 

TSP-West  (Cr  mg/m3) 

0.007 

0.016 

0.100 

TSP-East  (Cr  mg/m3) 

0.004 

0.005 

0.019 
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8  Discussion,  Conclusions,  and 
Recommendations 


Plating  Solution  and  PRD  Fluid  Analysis 

Both  Phase  I  and  Phase  II  results  from  the  chemical  analysis  indicate  that  all  of  the 
plating  solution  samples  were  consistent  with  the  baseline  samples  and  met  ANAD 
specifications  for  chromic  acid,  sulfuric  acid,  iron,  and  trivalent  chromium.  The  only 
sample  that  did  not  meet  the  specifications  was  a  baseline  sample  in  Phase  II. 
These  results  suggest  that  the  plating  solution  was  not  adversely  affected  by  the 
presence  of  the  PRD  fluid. 

Although  the  samples  of  plating  solution  taken  during  Phase  I  appeared  to  be  con¬ 
sistent,  the  large  amount  of  Cr  (III)  in  sample  Cl  (sample  of  actual  PRD  fluid  taken 
because  of  reddish  appearance)  suggests  an  unusual  reaction  during  plating  with 
PRD  fluid.  The  high  levels  of  chromic  acid  in  Cl  suggest,  however,  that  the  sample 
was  actually  plating  solution.  More  PRD  fluid  samples  were  taken  during  Phase  II. 
The  majority  of  Phase  II  samples  showed  no  unusual  amounts  of  chromium  with  the 
exception  of  sample  Xa.  A  brown-reddish  gelatinous  substance  was  found  at  the 
surface  of  the  tank  when  this  sample  was  taken.  These  results  suggests  that  occa¬ 
sionally  the  PRD  fluid  either  becomes  difficult  to  distinguish  from  the  chromic  acid 
solution  or  an  unknown  reaction  between  the  PRD  fluid  and  the  plating  solution  oc¬ 
curs,  resulting  in  an  emulsion  that  changes  the  appearance  and  chemical  makeup  of 
the  fluid. 


Plating  Quality 

During  Phase  I,  the  majority  of  the  PRD-processed  components  passed  all  qualita¬ 
tive  (adhesion,  quality,  porosity)  requirements.  However,  both  PRD-processed  cou¬ 
pons  failed  qualitative  requirements,  while  the  conventionally  plated  coupon  passed 
these  requirements.  This  100  percent  failure  rate  (2/2)  suggests  that  the  coupons 
may  have  responded  differently  to  the  plating  processes  than  the  actual  components 
(2/8,  or  25  percent  failure  rate  of  PRD-processed  components).  During  Phase  II,  the 
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majority  of  the  PRD-processed  components  did  not  pass  all  qualitative  (adhesion, 
quality,  porosity)  requirements.  All  but  three  of  the  components/coupons  failed  the 
adhesion  testing.  This  could  have  been  due  to  insufficient  cleaning  of  the  pieces  be¬ 
fore  plating. 

The  Phase  I  quantitative  results  (thickness,  microhardness)  suggest  that  the  plat¬ 
ing  of  the  CCAD  parts  and  the  characteristics  of  the  resulting  electrodeposited 
chromium  were  influenced  by  the  use  of  the  PRD  process.  Quantitative  results  on 
the  components  produced  by  ANAD  did  not  show  any  consistent  trends  when  com¬ 
paring  PRD  versus  conventional  processing.  Phase  II  quantitative  results  on  the 
components  produced  by  ANAD  also  did  not  show  any  consistent  trends,  with  the 
exception  of  thickness,  when  comparing  PRD  versus  conventional  processing.  The 
thickness  was  similar  on  each  component,  but  not  uniform  within  the  plating  condi¬ 
tions.  The  baseline  thickness  was  consistently  equal  to  or  greater  than  that  of  its 
PRD-processed  counterparts. 

If  test  coupons  are  being  considered  for  qualifying  plated  components  (by  lot,  etc.), 
then  the  cause  of  variation  in  response  between  coupons  and  components  to  the 
PRD  process  must  be  determined.  It  did  not  appear  that  the  coupons  reacted  simi¬ 
larly  to  the  components  when  both  were  subjected  to  the  same  PRD  process.  Addi¬ 
tional  components  and  coupons  should  be  plated  and  evaluated  using  both  conven¬ 
tional  and  PRD  processes. 

Additional  testing,  such  as  hydrogen  embrittlement  testing  (in  accordance  with 
ASTM  F  519),  should  be  performed  to  further  characterize  the  chromium  plating 
deposited  by  the  various  processes.  Hydrogen  testing  was  not  performed  for  this 
analysis  because  the  samples  that  were  supplied  were  not  manufactured  according 
to  the  requirements  of  the  standard.  Also,  considering  that  stainless  steel  failed  the 
adhesion  testing,  additional  testing  should  be  performed  on  substrates  other  than 
alloy  steel. 

The  small  quantity  of  components/coupons  plated  and  used  for  this  evaluation  lim¬ 
its  the  accuracy  and  value  of  the  results.  If  the  Zero  Emissions  System  is  being  con¬ 
sidered  for  full-time  implementation,  additional  testing  is  recommended.  This  test¬ 
ing  should  involve  larger  lots  of  parts  plated  under  numerous  plating  cycles  using 
the  PRD  process. 
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Air  Quality 

Air  quality  test  results  indicate  that  the  PRD-EL1  fluid  will  reduce  chromium  emis¬ 
sions  when  placed  over  an  existing  chromium  electroplating  bath.  The  stack  results 
indicate  that,  when  the  PRD- ELI  was  in  place,  the  chromium  emissions  were  re¬ 
duced  to  a  level  below  the  NESHAP  standard.  The  baseline  result  without  PRD- 
ELl  also  met  the  standard,  but  those  results  are  questionable  due  to  residual  PRD- 
EL1.  The  level  of  reduction  is  therefore  unknown. 

Indoor  air  sampling  results  indicate  that  PRD- ELI  reduced  the  chromium  concen¬ 
tration  in  the  indoor  air  to  well  below  the  previous  OSHA  PEL,  but  the  level  of  re¬ 
duction  is  again  uncertain  because  of  the  suspect  baseline  test.  Further  testing  is 
needed  to  confirm  these  results  and  to  quantify  the  level  of  emission  reduction 
caused  by  the  PRD  fluid.  Since  these  tests,  OSHA  has  finalized  a  new  PEL  for 
hexavalent  chromium  of  0.005  mg/m3  on  an  8-hour  time-weighted  average  (the  cur¬ 
rent  PEL  is  0.052  mg/m3  [69FR  59305]).  The  results  from  this  test  indicate  that  it  is 
questionable  whether  the  new  PEL  would  be  met  using  the  Zero  Emissions  System. 


Operational  Issues 

Maintenance  probably  will  not  be  limited  to  monitoring/adjusting  the  fluid  layer. 
When  parts  and  anodes  are  removed  from  the  tank,  some  PRD  fluid  is  retained 
(drag-out)  and  falls  to  the  anode  and  cathode  bars.  These  bus  bars  would  have  to  be 
cleaned  between  loads  to  ensure  proper  contact  with  the  parts  hangers,  because  the 
PRD  fluid  is  essentially  a  nonconductor.  Improper  contact  could  substantially  alter 
the  current  plating  density  between  the  anodes  and  the  parts  being  plated,  thus  af¬ 
fecting  plating  performance  and  quality.  For  large  chromium  plating  baths,  this 
cleaning  operation  may  be  difficult  to  perform. 

Initially  it  was  suggested  that  the  PRD  fluid  drag-out  could  be  easily  removed  from 
parts  via  simple  washing  with  water.  Observations  made  during  the  technology 
demonstration  revealed  that  some  residual  PRD  fluid  remained  on  parts  after  wash¬ 
ing.  This  residue  was  not  quantified,  but  could  be  removed  during  a  step  after  the 
plating  process  in  which  the  parts  are  lowered  into  a  solvent  bath.  The  effect  that 
this  residue  has  on  the  solvent  bath  either  needs  to  be  determined  or  a  procedure 
put  in  place  that  would  eliminate  drag-out.  To  make  a  reasonable  cost  analysis, 
long-term  tracking  and  testing  would  have  to  be  performed  to  determine  the  effects 
of  drag-out  and  any  associated  disposal  costs. 


ERDC/CERL  TR-05-35,  Vol.  1 


41 


The  design  of  this  system  is  simple  and  the  materials  used  for  implementation,  such 
as  valves,  controls,  and  piping,  are  readily  available  off  the  shelf,  having  been 
proven  in  the  commercial  sector.  The  liquid  pump  is  the  only  mechanical  part  of  the 
system  that  could  likely  experience  failure.  The  system  uses  a  proprietary  material 
manufactured  by  PRD  Tech,  Inc.  Additional  PRD  fluid  can  be  acquired  only 
through  this  company.  This  single-source  restriction  poses  a  risk  if  PRD  Tech,  Inc. 
should  no  longer  produce  the  fluid. 
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Appendix  A:  Chromium  Sample  Results 

(Phase  I) 


Tables  A-l  through  A-4  show  the  chromium  sample  results  from  Phase  I. 


Table  A-1.  Chromium  sample  results  (Cr03  (9/i) 
Phase  I. 


Sample 

(low) 

Cr03  (9/i) 
(average) 

(high) 

Baseline 

231.31 

231.53 

231.75 

A 

235.88 

236.10 

236.32 

B 

236.27 

236.48 

236.69 

C 

235.97 

236.35 

236.73 

Cl 

229.88 

230.26 

230.64 

D 

232.09 

232.30 

232.51 

E 

231.68 

231.91 

232.14 

F 

232.46 

232.68 

232.90 

Table  A-2.  Chromium  sample  results  H2S04(9/i) 
Phase  I. 


Sample 

(low) 

h2so4(9/i) 

(average) 

(high) 

Baseline 

2.58 

2.60 

2.62 

A 

2.62 

2.64 

2.66 

B 

2.67 

2.68 

2.69 

C 

2.67 

2.68 

2.69 

Cl 

2.51 

2.53 

2.55 

D 

2.54 

2.58 

2.62 

E 

2.60 

2.62 

2.64 

F 

2.62 

2.63 

2.65 
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Table  A-3.  Chromium  sample 


results  [Fe(9/i)| 

Phase  1. 

Sample 

Fe(9/,) 

(average) 

Baseline 

2.891 

A 

2.853 

B 

2.809 

C 

2.797 

Cl 

2.818 

D 

2.707 

E 

2.697 

F 

2.682 

Table  A-4.  Chromium  sample  results 
[CR(III)]  Phase  I. 


Sample 

(low) 

CR(III) 

(mg/ml) 

(average) 

(high) 

Baseline 

1.498 

1.502 

1.506 

A 

1.636 

1.640 

1.644 

B 

1.503 

1.507 

1.511 

C 

1.491 

1.499 

1.507 

D 

1.516 

1.525 

1.534 

E 

1.245 

1.247 

1.249 

F 

1.558 

1.578 

1.598 

Cl 

5.417 

5.427 

5.437 
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Appendix  B:  Chromium  Sample  Results 

(Phase  II) 


Tables  B-l  through  B-4  show  the  chromium  sample  results  from  Phase  II. 


Table  B-1.  Chromium  sample  results  Crth  (g/l) 
Phase  II. 


Sample 

Cr03  (g/l) 

(low) 

(average) 

(high) 

A 

204.48 

204.5 

204.60 

C 

205.65 

205.7 

205.71 

E 

205.52 

205.6 

205.58 

G 

205.04 

205.0 

205.04 

1 

205.76 

205.8 

205.86 

K 

205.60 

205.7 

205.76 

M 

152.55 

152.6 

152.61 

N 

193.07 

193.1 

193.13 

0 

190.66 

190.7 

190.72 

Table  B-2.  Chromium  sample  results  h^SO^g/l) 
Phase  II. 


Sample 

H2S04(g/l) 

(low) 

(average) 

(high) 

A 

2.28 

2.32 

2.36 

c 

2.26 

2.29 

2.32 

E 

2.26 

2.32 

2.38 

G 

2.13 

2.22 

2.31 

1 

2.06 

2.22 

2.38 

K 

2.22 

2.25 

2.28 

M 

1.66 

1.70 

1.74 

N 

2.06 

2.11 

2.16 

O 

2.12 

2.13 

2.14 
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Table  B-3.  Chromium  sample  results  Fe(g/I) 
Phase  II. 


Sample 

Fe(g/I) 

(low) 

(average) 

(high) 

Xa 

112 

B 

0.0002 

D 

0.4 

F 

0.04 

H 

0.002 

J 

54.4 

L 

0.4 

Table  B-4.  Chromium  sample  results  Cr(g/I) 
Phase  II. 


Sample 

Cr(g/I) 

(low) 

(average) 

(high) 

Xa 

10.56 

B 

0.018 

D 

0.740 

F 

0.010 

H 

0.02 

J 

3.684 

L 

1.088 
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Appendix  C:  Materials  Laboratory  Report 

(Phase  I) 


AMSTA- AR-CCB-  EA  4  December  2002 

MEMORANDUM  FOR  AMSTA- AR-CCB- EB 


1.  Background 

Materials  Engineering  was  requested  by  John  Cannon,  Process  Engineering  Team, 
to  conduct  testing  on  thirteen  components  and  three  test  coupons  (16  pieces,  total) 
supplied  to  Benet  Laboratories  by  Anniston  Army  Depot  (ANAD)  and  Corpus 
Christi  Army  Depot  (CCAD).  Eight  components  and  two  coupons  had  been  Chro¬ 
mium  Electroplated  at  these  installations  using  PRD  Tech  Inc.’s  Zero  Emission 
Process.  This  process  involves  using  an  immiscible  liquid  layer  across  the  top  of  the 
chromic  acid  electroplating  bath  to  eliminate  aerosol  emissions  from  the  tank  dur¬ 
ing  plating.  Two  different  layer  thicknesses  were  used  in  plating;  2”  and  4”.  The 
remaining  components  and  coupons  were  conventionally  electroplated  in  accordance 
with  each  installation’s  normal  procedures.  Our  tests  were  performed  in  order  to 
characterize  the  resulting  chromium  electroplating  for  all  components/coupons,  and 
then  compare  the  results  to  determine  what  effects  the  Zero  Emission  Process 
(commonly  referred  to  as  the  PRD-process)  had  on  the  electroplating.  Our  testing 
was  conducted  in  accordance  with  AMS  2406K  (“Plating,  Chromium  Hard  Deposit”), 
para.  4.2.3)  and  AMS-QQ-C320  (“Chromium  Plating”),  para.  3.4.2  and  4.5.4).  The 
supplied  components  and  coupons  were  identified  as  follows  (Table  C-l): 


Table  C-1.  Components  and  coupons. 


COMPONENTS  AND  COUPONS 

114L2425-1  Baseline 

12304148  Baseline 

12286191  2”  PRD 

12284387  4"  PRD 

114L2425-1  2”  PRD 

12304148  2”  PRD 

12286191  4”  PRD 

Baseline  coupons 

145H7359-1  Baseline 

12304148  4”  PRD 

12284387  Baseline 

2”  PRD  coupons 

145H7359-1  4”  PRD 

12286191  Baseline 

12284387  2”  PRD 

4”  PRD  coupons 
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Components  114L2425-1  and  145H7359  -1  were  produced  at  CCAD,  while  all  the 
remaining  components  and  coupons  were  produced  at  ANAD.  The  compo¬ 
nents/coupons  were  subjected  to  three  different  chromium  plating  conditions  or  lots: 
baseline  (conventional)  plating,  2”  PRD  fluid  plating,  and  4”  PRD  fluid  plating.  All 
components  were  plated  for  twelve  hours  duration  at  ANAD’s  minor  plating  facility. 

2.  Procedure 

Each  component  and  coupon  was  subjected  to  the  following  tests/evaluations: 

a.  Thickness  Testing  in  accordance  with  ASTM  B487 

b.  Adhesion  Testing  in  accordance  with  ASTM  B571  (para.  8) 

c.  Quality  Testing  in  accordance  with  AMS  2406K  (para.  3.5) 

d.  Porosity  Testing  in  accordance  with  AMS-QQ-C-320 

e.  Hardness  Testing  in  accordance  with  ASTM  B578 


3.  Results/Discussion 
a.  Thickness  Testing 

Chromium  plating  thickness  was  measured  by  examining  a  metallographic  cross- 
section  of  the  component/coupon  in  accordance  with  ASTM  B487.  Multiple  cross- 
sections  were  obtained  from  each  component/coupon.  These  cross-sections  were 
mounted,  polished,  and  etched  with  a  2  percent  nital  solution.  Please  note  that 
Component  #145H7359-1  did  not  etch  with  nital.  An  X-Ray  fluorescent  chemical 
analysis  was  performed  on  the  base  metal  of  this  piece,  and  it  was  qualitatively 
identified  as  a  stainless  steel.  All  other  components  were  successfully  etched,  indi¬ 
cating  the  base  material  was  a  steel  alloy. 

The  thickness  of  the  chromium  plating  for  each  test  piece  is  shown  in  Table  C-2. 
Measurements  were  taken  at  multiple  points  on  each  sample  and  averaged.  We  are 
unaware  of  any  specific  requirement(s)  for  plating  thickness  on  the  compo¬ 
nents/coupons,  so  the  values  are  reported  mainly  for  comparing  the  plating  proc¬ 


esses. 
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Table  C-2.  Results  of  thickness  testing. 


Part  Identification 

Plating  Thickness  (inches) 

114L2425-1  Baseline 

0.0113 

114L2425-1  2  inch 

0.0040 

145H7359-1 -Baseline 

0.0137 

145H7359-1-  4  inch 

0.0126 

12304148  Baseline 

0.0074 

12304148  2  inch 

0.0070 

12304148  4  inch 

0.0094 

12286191  Baseline 

0.0232 

12286191  2  inch 

0.0131 

12286191  4  inch 

0.0129 

12284387  Baseline 

0.0149 

12284387  2  inch 

0.0097 

12284387  4  inch 

0.0183 

Baseline  Coupon 

0.0038 

2"  PRD  Coupon 

0.0031 

4”  PRD  Coupon 

0.0060 

Figure  C-l  is  an  example  of  a  cross-section  used  for  thickness  measurements. 


Figure  C-1.  Typical  view  of  chromium  plating  sample  used 
for  thickness  measurement. 
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b.  Adhesion  Testing 


Adhesion  testing  was  conducted  in  accordance  with  ASTM  B571  (para.  8).  The 
Grind  Saw  Test  was  preformed  on  eight  areas  for  each  specimen,  and  the  areas 
were  then  examined  at  5X  magnification.  Satisfactory  adhesion  was  observed  in  all 
of  the  specimens  except  145H7359-1  Baseline,  2”  PRD  Coupon,  and  4”  PRD  Coupon. 
Results  from  this  test  can  be  viewed  in  Table  C-3. 


Table  C-3.  Results  of  adhesion  testing. 


Part  Identification 

Adhesion 

(Pass/Fail) 

114L2425-1  Baseline 

Pass 

114L2425-1  2"  PRD 

Pass 

145H7359-1  Baseline 

Fail 

145H7359-1  4"  PRD 

Pass 

12304148  Baseline 

Pass 

12304148  2"  PRD 

Pass 

12304148  4"  PRD 

Pass 

12286191  Baseline 

Pass 

12286191  2"  PRD 

Pass 

12286191  4"  PRD 

Pass 

12284387  Baseline 

Pass 

12284387  2"  PRD 

Pass 

12284387  4”  PRD 

Pass 

Baseline  Coupons 

Pass 

2"  PRD  Coupons 

Fail 

4"  PRD  Coupons 

Fail 

Representative  photographs  of  a  good  adhesion  sample  (Figure  C-l)  and  the  failed 
samples  are  displayed  in  Figures  C-2  through  C-5. 
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Figure  C-3.  Sample  145H359-1  Baseline  that 
failed  the  adhesion  test  due  to  the 
lifting/peeling  of  the  chromium  plating. 


Figure  C-4.  2”  PRD  Coupon  that  failed  the  adhesion  test. 


Figure  C-5.  4”  PRD  Coupon  that  failed  the  adhesion  test. 


E.  Quality  Testing 

Quality  testing  was  performed  on  each  piece  (components,  coupons)  by  visual  in¬ 
spection  in  accordance  with  AMS  2406K  (para.  3.5).  The  specification  requires  that 
the  plating  be  firmly  bonded  to  the  base  metal,  while  maintaining  smooth  and  uni- 
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form  appearance.  Pinholes  and  other  small  imperfections  that  resulted  from  the 
plating  not  filling  in  defects  on  the  surface  metal  are  considered  acceptable.  A  mag¬ 
nification  of  5X  was  used  to  inspect  the  pieces.  The  results  can  be  seen  in  Table  C-4. 


Table  C-4.  Results  of  quality  testing. 


Part  Identification 

Quality  (Pass/Fail) 

114L2425-1  Baseline 

Pass 

114L2425-1  2"  PRD 

Pass 

145H7359-1  Baseline 

Pass 

145H7359-1  4"  PRD 

Pass 

12304148  Baseline 

Pass 

12304148  2"  PRD 

Fail 

12304148  4"  PRD 

Pass 

12286191  Baseline 

Pass 

12286191  2"  PRD 

Pass 

12286191  4"  PRD 

Pass 

12284387  Baseline 

Pass 

12284387  2"  PRD 

Pass 

12284387  4"  PRD 

Fail 

Baseline  Coupons 

Pass 

2"  PRD  Coupons 

Pass 

4"  PRD  Coupons 

Pass 

As  seen  in  this  table,  two  pieces,  12304148  2”  PRD  and  12284387  4”  PRD,  failed  this 
test.  Both  exhibited  a  burst  “bubble”  in  the  plating  surface  (see  Figures  C-6  &  C-7). 


Figure  C-6.  The  ruptured  “bubble”  in  sample  12304148  2”  PRD. 
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Figure  C-7.  The  ruptured  "bubble"  in  sample  12284387  4"  PRD. 

d.  Porosity  Testing 

Porosity  testing  was  conducted  in  accordance  with  AMS-QQ-C-320.  A  ferroxyl  test 
was  completed  by  soaking  filter  paper  in  ferroxyl  solution  and  heating  to  180-200 
degrees  F.  The  paper  was  then  placed  over  the  entire  plated  area  on  each  piece  for 
ten  minutes.  Blue  markings  occurred  on  the  filter  paper  as  a  result  of  the  reaction 
of  the  base  metal  with  the  solution.  These  markings  are  indicative  of  porosity.  The 
results  of  this  test  can  be  seen  in  Table  C-5. 


Table  C-5.  Results  of  porosity  testing. 


Part  Identification 

Porosity 

(Pass/Fail) 

114L2425-1  Baseline 

Pass 

114L2425-1  T  PRD 

Pass 

145H7359-1  Baseline 

Pass 

145H7359-1  4"  PRD 

Pass 

12304148  Baseline 

Pass 

12304148  2"  PRD 

Pass 

12304148  4"  PRD 

Pass 

12286191  Baseline 

Pass 

12286191  2"  PRD 

Pass 

12286191  4"  PRD 

Pass 

12284387  Baseline 

Pass 

12284387  2"  PRD 

Pass 

12284387  4"  PRD 

Pass 

Baseline  Coupons 

Pass 

2"  PRD  Coupons 

Pass 

4"  PRD  Coupons 

Pass 
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E.  Hardness  Testing 

Hardness  testing  was  completed  in  accordance  with  ASTM  B578.  A  Vicker’s  in- 
denter  with  a  100  gram  load  was  used.  The  minimum  acceptable  hardness  as  per 
the  standard  was  700  HV.  The  average  hardness  for  all  samples  was  above  the  700 
HV  minimum  (Table  C-6).  Additionally,  there  were  no  individual  hardness  readings 
below  700  HV. 


Table  C-6.  Results  from  Vickers  Microhardness  Testing. 


Part  Identification 

Avg.  Microhardness  Value 

(HV) 

144L2425-1  Baseline 

906.90 

114L2425-1  2" 

824.20 

145H7359-1  Baseline 

921.33 

145H7359-1  4M 

885.87 

1230418-  Baseline 

855.33 

12304148-  2" 

858.60 

12304148-  4" 

858.60 

12286191-  Baseline 

877.07 

12286191-  2" 

885.47 

12286191-4" 

894.40 

12284387-  Baseline 

885.33 

12284387-  2" 

856.07 

12284387- 4" 

835.07 

Baseline  Coupon 

844.87 

2"  PRD  Coupon 

837.40 

4"  PRD  Coupon 

893.00 

4.  Summary 


The  results  from  our  testing  are  summarized  and  displayed  in  Table  C-7. 
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Table  C-7.  Summary  of  results. 


Part  Identification 

Thickness 

(Inches) 

Adhesion 

(Pass/Fail) 

Quality 

(Pass/Fail) 

Porosity 

(Pass/Fail) 

Microhardness 

(HV) 

114L2425-1  Baseline 

0.0113 

Pass 

Pass 

Pass 

Pass  (906.90) 

114L2425-1  2"  PRD 

0.0040 

Pass 

Pass 

Pass 

Pass  (824.20) 

145H7359-1  Baseline 

0.0137 

Fail 

Pass 

Pass 

Pass  (921.33) 

145H7359-1  4"  PRD 

0.0126 

Pass 

Pass 

Pass 

Pass  (885.87) 

12304148  Baseline 

0.0074 

Pass 

Pass 

Pass 

Pass  (855.33) 

12304148  2"  PRD 

0.0070 

Pass 

Fail 

Pass 

Pass  (858.60) 

12304148  4”  PRD 

0.0094 

Pass 

Pass 

Pass 

Pass  (858.60) 

12286191  Baseline 

0.0232 

Pass 

Pass 

Pass 

Pass  (877.07) 

12286191  2"  PRD 

0.0131 

Pass 

Pass 

Pass 

Pass  (885.47) 

12286191  4"  PRD 

0.0129 

Pass 

Pass 

Pass 

Pass  (894.40) 

12284387  Baseline 

0.0149 

Pass 

Pass 

Pass 

Pass  (885.33) 

12284387  2"  PRD 

0.0097 

Pass 

Pass 

Pass 

Pass  (856.07) 

12284387  4"  PRD 

0.0183 

Pass 

Fail 

Pass 

Pass  (835.07) 

Baseline  Coupons 

0.0038 

Pass 

Pass 

Pass 

Pass  (844.87) 

2"  PRD  Coupons 

0.0031 

Fail 

Pass 

Pass 

Pass  (837.40) 

4"  PRD  Coupons 

0.0060 

Fail 

Pass 

Pass 

Pass  (893.00) 

Table  C-7  shows  that  three  of  the  thirteen  components,  and  two  of  the  three  coupons 
failed  at  least  one  test.  One  of  the  component  failures  was  actually  a  component 
subjected  to  the  conventional  electroplating  process.  Additionally,  there  was  a  no¬ 
ticeable  decrease  in  the  microhardness  and  thickness  of  the  plating  in  components 
PRD-processed  (114L2425-1  and  145H77359-1  series)  when  compared  to  their  con¬ 
ventionally  plated  counterpart  components.  This  decrease  was  more  pronounced  in 
component  114L2425-1  2”  PRD. 

5.  Conclusions 

•  The  majority  of  the  PRD-processed  components  passed  all  qualitative  (ad¬ 
hesion,  quality,  porosity)  requirements. 

•  Both  PRD-processed  coupons  failed  qualitative  requirements;  the  conven¬ 
tionally  plated  coupon  passed  these  requirements.  This  100%  failure  rate 
(2/2)  suggests  that  the  coupons  may  have  responded  differently  to  the 
plating  processes  than  the  actual  components  (2/8,  or  25%  failure  rate  of 
PRD-processed  components). 

•  The  quantitative  results  (thickness,  microhardness)  suggest  that  the  plat¬ 
ing  of  the  CCAD  parts  and  the  characteristics  of  the  resulting  electrode- 
posited  Chromium,  were  influenced  by  the  use  of  the  PRD-process. 
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•  Quantitative  results  on  the  components  produced  by  ANAD  did  not  show 
any  consistent  trends  when  comparing  PRD  versus  conventional  process¬ 
ing. 

6.  Recommendations 

Additional  testing,  such  as  hydrogen  testing  (in  accordance  with  ASTM  F  519), 
should  be  performed  to  further  characterize  the  Chromium  plating  deposited  by  the 
various  processes.  Hydrogen  testing  was  not  performed  for  this  analysis  because 
the  samples  that  were  supplied  were  not  manufactured  according  to  the  require¬ 
ments  of  the  standard.  Also,  considering  the  stainless  steel  failed  the  adhesion  test¬ 
ing,  additional  testing  should  be  performed  on  substrates  other  than  alloy  steel. 

If  test  coupons  are  being  considered  for  qualifying  plated  components  (by  lot,  etc.), 
then  the  cause  of  variation  in  response  between  coupons  and  components  to  the 
PRD-process  must  be  determined.  Currently,  it  does  not  appear  that  the  coupons 
are  reacting  similarly  to  the  components  when  both  are  subjected  to  the  same  PRD- 
process. 

Additional  components  and  coupons  should  be  plated  and  evaluated  using  both  con¬ 
ventional  and  PRD  processes.  The  low  quantity  of  components/coupons  plated  and 
used  for  this  evaluation  limits  the  accuracy  of  our  results. 

Ashley  Fiegel 


Materials  Engineering  Team 
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Appendix  D:  Materials  Laboratory  Report 

(Phase  II) 


AMSTA-AR-CCB-EA 


6  August  2003 


MEMORANDUM  FOR  AMSTA-AR-CCB-EB 
1.  Background 

Materials  Engineering  Team  was  requested  by  John  Cannon,  Process  Engineering 
Team,  to  conduct  testing  on  thirteen  components  and  three  test  coupons  (15  pieces, 
total)  supplied  to  Benet  Laboratories  by  Anniston  Army  Depot  (ANAD).  Four  com¬ 
ponents  and  six  coupons  had  been  Chromium  Electroplated  at  this  installation  us¬ 
ing  PRD  Tech  Inc.’s  Zero  Emission  Process .  This  process  involves  using  an  immis¬ 
cible  liquid  layer  across  the  top  of  the  chromic  acid  electroplating  bath  to  eliminate 
aerosol  emissions  from  the  tank  during  plating.  Two  different  layer  thicknesses 
were  used  during  plating;  2”  and  4”.  The  remaining  components  and  coupons  were 
conventionally  electroplated  in  accordance  with  the  installation’s  normal  proce¬ 
dures.  Our  tests  were  performed  in  order  to  characterize  the  resulting  chromium 
electroplating  for  all  components/coupons,  and  then  compare  the  results  to  deter¬ 
mine  what  effects  the  Zero  Emission  Process  (commonly  referred  to  as  the  PRD- 
process)  had  on  the  electroplating.  Our  testing  was  conducted  in  accordance  with 
AMS  2406K  (“Plating,  Chromium  Hard  Deposit”),  para.  4.2.3)  and  AMS-QQ-C320 
(“Chromium  Plating”),  para.  3.4.2  and  4.5.4).  The  supplied  components  and  coupons 
were  identified  as  follows  (Table  D-l): 

Table  D-1.  Components  and  coupons. 


COMPONENTS  AND  COUPONS 


12304148  Baseline 


12286191  Baseline 


Baseline  coupons 
2”  PRD  coupons 
4”  PRD  coupons 


12304148  2”  PRD 


12286191  2”  PRD 


12304148  4”  PRD 


12286191  4"  PRD 
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All  components  and  coupons  were  produced  at  ANAD.  The  components/coupons 
were  subjected  to  three  different  chromium  plating  conditions  or  lots:  baseline  (con¬ 
ventional)  plating,  2”  PRD  fluid  plating,  and  4”  PRD  fluid  plating.  All  components 
were  plated  for  twelve  hours  duration  at  ANAD’s  minor  components  plating  facility. 

2.  Procedure 

Each  component  and  coupon  was  subjected  to  the  following  tests/evaluations: 

a.  Thickness  Testing  in  accordance  with  ASTM  B487 

b.  Adhesion  Testing  in  accordance  with  ASTM  B571  (para.  8) 

c.  Quality  Testing  in  accordance  with  AMS  2406K  (para.  3.5) 

d.  Porosity  Testing  in  accordance  with  AMS-QQ-C-320 

e.  Hardness  Testing  in  accordance  with  ASTM  B578 


3.  Results/Discussion 
a.  Thickness  Testing 

Chromium  plating  thickness  was  measured  by  examining  a  metallographic  cross- 
section  of  the  component/coupon  in  accordance  with  ASTM  B487.  Multiple  cross- 
sections  were  obtained  from  each  component/coupon.  These  cross-sections  were 
mounted,  polished,  and  etched  with  a  2%  nital  solution. 

The  thickness  of  the  chromium  plating  for  each  test  piece  is  shown  in  Table  D-l. 
Measurements  were  taken  at  multiple  points  on  each  sample  and  averaged.  We  are 
unaware  of  any  specific  requirement(s)  for  plating  thickness  on  the  compo¬ 
nents/coupons,  so  the  values  are  reported  mainly  for  comparing  the  varied  plating 
processes. 


Table  D-2.  Results  of  thickness  testing. 


Part  Identification 

Plating  Thickness  (inches) 

12304148  Baseline 

0.006 

12304148  2" 

0.003 

12304148  4” 

0.006 

12286191  Baseline 

0.017 

12286191  2” 

0.013 

12286191  4” 

0.013 

Baseline  Coupon 

0.002  see  note 
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2"  PRD  Coupon 

0.001  see  note 

4"  PRD  Coupon 

0.001  see  note 

Note:  The  average  Thickness  for  2"  and  4"  PRD  was  below  the  minimum  RECOMMENDED 
thickness  requirement  of  AMS  2406K  (0.002").  Additionally  all  three  coupon  sets  had  a 
rough  substrate  surface  finish  compared  to  the  actual  components.  This  rougher  surface 
appeared  to  deleteriously  affect  the  plating  process  and  resulting  plating. 

An  example  of  a  cross-section  used  for  thickness  measurements  can  be  seen  in  Fig¬ 
ure  D-l. 


Figure  D-1.  Typical  view  of  chromium  plating  sample  used  for  thickness  measurement. 


An  example  of  a  cross-section  showing  thickness  and  substrate  finish  can  be  seen  in 
Figure  D-2. 


Figure  D-2.  Baseline  Coupon  with  thin  plating  and  rough  substrate  surface  finish. 
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b.  Adhesion  Testing 

Adhesion  testing  was  conducted  in  accordance  with  ASTM  B571  (para.  8).  The  Grind 
Saw  Test  was  preformed  on  eight  areas  for  each  specimen,  and  the  areas  were  then  exam¬ 
ined  at  5X  magnification. 

Results  from  this  test  can  be  viewed  in  Table  D-2. 


Table  D-3.  Results  of  adhesion  testing. 


Part  Identification 

Adhesion  (Pass/Fail) 

12304148  Baseline 

Fail 

12304148  2"  PRD 

Fail 

12304148  4"  PRD 

Fail 

12286191  Baseline 

Pass 

12286191  2"  PRD 

Pass 

12286191  4"  PRD 

Pass 

Baseline  Coupons 

Fail 

2"  PRD  Coupons 

Fail 

4"  PRD  Coupons 

Fail 

The  specification  states  that  lifting  or  peeling  of  the  coating  is  evidence  of  unsatis¬ 
factory  adhesion. 

Representative  photographs  of  failed  samples  are  displayed  in  Figures  D-3  to  D-6. 
Figures  D-3  to  D-6  showing  failed  samples. 


Figure  D-3.  Sample  (4148  4  in). 
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Figure  D-4.  Sample  (4148  Baseline). 


Figure  D-5.  Sample  (Coupon  2"). 


Figure  D-6.  Sample  (Coupon  Baseline). 


c.  Quality  Testing 

Quality  testing  was  performed  on  each  piece  (components,  coupons)  by  visual  in¬ 
spection  in  accordance  with  AMS  2406K  (para.  3.5).  The  specification  requires  that 
the  plating  be  firmly  bonded  to  the  base  metal,  while  maintaining  smooth  and  uni¬ 
form  appearance.  Pinholes  and  other  small  imperfections  that  resulted  from  the 
plating  not  filling  in  defects  on  the  surface  metal  are  considered  acceptable.  A  mag- 
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nification  of  5X  was  used  to  inspect  the  pieces.  The  results  can  be  seen  in  Table  D- 
3. 


Table  D-4.  Results  of  quality  testing. 


Part  Identification 

Quality  (Pass/Fail) 

12304148  Baseline 

Pass 

12304148  2"  PRD 

Pass 

12304148  4"  PRD 

Fail 

12286191  Baseline 

Fail 

12286191  2"  PRD 

Pass 

12286191  4"  PRD 

Pass 

Baseline  Coupons 

Pass 

2"  PRD  Coupons 

Pass 

4”  PRD  Coupons 

Pass 

Coupon  12304148  4"  has  several  small  surface  pits  (not  through  to  base  metal)  and 
12286191  Baseline  has  visible  pimples,  hairline  surface  cracks  (not  through  to  base 
metal)  and  a  generally  rough  texture. 

d.  Porosity  Testing 

Porosity  testing  was  conducted  in  accordance  with  AMS-QQ-C-320.  A  ferroxyl  test 
was  completed  by  soaking  filter  paper  in  ferroxyl  solution  and  heating  to  180-200 
°F.  The  paper  was  then  placed  over  the  entire  plated  area  on  each  piece  for  ten 
minutes.  Blue  markings  occurred  on  the  filter  paper  as  a  result  of  the  reaction  of 
the  base  metal  with  the  solution.  These  markings  are  indicative  of  porosity.  The 
results  of  this  test  can  be  seen  in  Table  D-4. 


Table  D-5.  Results  of  porosity  testing. 


Part  Identification 

Porosity 

(Pass/Fail) 

12304148  Baseline 

Pass 

12304148  2"  PRD 

Pass 

12304148  4"  PRD 

Pass 

12286191  Baseline 

Pass 

12286191  2"  PRD 

Pass 

12286191  4"  PRD 

Pass 

Baseline  Coupons 

Pass 

2"  PRD  Coupons 

Fail 

4"  PRD  Coupons 

Fail 
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E.  Hardness  Testing 

Hardness  testing  was  completed  in  accordance  with  ASTM  B578.  A  Vicker’s  in- 
denter  with  a  100-gram  load  was  used.  The  minimum  acceptable  hardness  as  per 
the  standard  was  700  HV.  The  average  hardness  for  all  samples  was  above  the  700 
HV  minimum  (Table  D-5).  Additionally,  there  were  no  individual  hardness  read¬ 
ings  below  700  HV. 


Table  D-6.  Results  from  Vickers  microhardness  testing. 


Part  Identification 

Avg.  Microhardness  Value 
(HV) 

1230418-  Baseline 

949 

12304148-  2” 

933 

12304148-  4" 

940 

12286191-  Baseline 

929 

12286191-2" 

932 

12286191-4" 

947 

Baseline  Coupon 

876 

2"  PRD  Coupon 

see  Note 

4"  PRD  Coupon 

865 

Note:  The  Hardness  of  the  plating  on  Coupon  2"  PRD  was  too  thin  to  measure  at  the  re¬ 
quired  HVioo  Load. 

4.  Summary 

The  results  from  our  testing  are  summarized  and  displayed  in  Table  D-7: 


Table  D-7.  Summary  of  results. 


Part  Identification 

Thickness 

(Inches) 

Adhesion 

(Pass/Fail) 

Quality 

(Pass/Fail) 

Porosity 

(Pass/Fail) 

Microhardness 

(HV) 

12304148  Baseline 

0.006 

Fail 

Pass 

Pass 

Pass  (949.0) 

12304148  2"  PRD 

0.003 

Fail 

Pass 

Pass 

Pass  (933.0) 

12304148  4"  PRD 

0.006 

Fail 

Fail 

Pass 

Pass  (940.0) 

12286191  Baseline 

0.017 

Pass 

Fail 

Pass 

Pass  (929.0) 

12286191  2"  PRD 

0.013 

Pass 

Pass 

Pass 

Pass  (932.0) 

12286191  4"  PRD 

0.013 

Pass 

Pass 

Pass 

Pass  (947.0) 

Baseline  Coupons 

0.002 

Fail 

Pass 

Pass 

Pass  (876.0) 

2"  PRD  Coupons 

0.001 

Fail 

Pass 

Fail 

No  result-  too  thin 

4"  PRD  Coupons 

0.001 

Fail 

Pass 

Fail 

Pass  (865.0) 
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Table  D-7  shows  that  four  of  the  six  components,  and  the  three  coupons  failed  at 
least  one  test.  All  components/coupons  subjected  to  the  conventional  electroplating 
process  failed  at  least  one  of  the  tests. 

5.  Conclusions 

•  The  majority  of  the  PRD-processed  components  did  not  pass  all  qualita¬ 
tive  (adhesion,  quality,  porosity)  requirements. 

•  All  but  three  of  the  components/coupons  failed  the  adhesion  testing.  This 
could  be  due  to  insufficient  cleaning  of  the  pieces  before  plating. 

•  Quantitative  results  on  the  components  produced  by  ANAD  did  not  show 
any  consistent  trends,  with  the  exception  of  thickness,  when  comparing 
PRD  versus  conventional  processing.  The  thickness  was  similar  on  each 
component,  but  not  uniform  within  the  plating  conditions.  The  baseline 
thickness  was  consistently  equal  to  or  greater  than  that  of  its  PRD- 
processed  counterparts. 

6.  Recommendations 

•  Additional  testing,  such  as  hydrogen  testing  (in  accordance  with  ASTM  F 
519),  should  be  performed  to  further  characterize  the  Chromium  plating 
deposited  by  the  various  processes.  Hydrogen  testing  was  not  performed 
for  this  analysis  because  the  samples  that  were  supplied  were  not  manu¬ 
factured  according  to  the  requirements  of  the  standard. 

•  If  test  coupons  are  being  considered  for  qualifying  plated  components  (by 
lot,  etc.),  then  the  cause  of  variation  in  response  between  coupons  and 
components  to  the  PRD-process  must  be  determined.  Currently,  it  does 
not  appear  that  the  coupons  are  reacting  similarly  to  the  components 
when  both  are  subjected  to  the  same  PRD-process. 

•  The  low  quantity  of  components/coupons  plated  and  used  for  this  evalua¬ 
tion  limits  the  accuracy  of  our  results.  If  the  Zero  Emissions  Process  is 
being  considered  for  full  time  implementation,  it  is  Benet  Materials  Engi¬ 
neering  Team’s  recommendation  that  additional  testing  be  done.  This 
testing  should  involve  larger  lots  of  parts  plated  under  numerous  plating 
cycles  using  the  PRD  process. 

Ashley  Fiegel 


Materials  Engineering  Team 
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Appendix  E:  Photographs  of  Phase  II 

Demonstration 


Figure  E-1.  Condition  of  cathode  bars  in  tank  12-b,  pre-4-in.  PRD  Plating  Start. 
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Figure  E-2.  Overall  view  of  tank  12-b,  pre-4-in.  PRD  plating  start. 


Figure  E-3.  Overall  view  from  above  tank  12-a,  pre-4-in.  PRD  plating  start. 
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Figure  E-4.  Overall  view  from  the  side  of  tank  12-a  pre-4-in.  PRD  plating  start. 
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Figure  E-6.  Prepared  samples  pre-4-in.  PRD  plating  start. 


Figure  E-7.  Close-up  of  prepared  IP  shaft,  pre-4-in.  PRD  plating  start. 
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Figure  E-9.  View  of  tank  12-b  during  4-in.  PRD  plating  cycle. 
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Figure  E-10.  Overhead  view  of  tank  12-a  during  4-in.  PRD  plating  cycle. 


Figure  E-11.  Plated  LP  shaft  at  end  of  4-in.  PRD  plating  cycle. 
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Figure  E-12.  Plated  coupon  at  end  of  4-in.  PRD  plating  cycle. 


Figure  E-13.  Plated  adaptor  at  end  of  4-in.  PRD  plating  cycle. 
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Figure  E-15.  Prepared  samples  prior  to  2-in.  PRD  plating  cycle. 
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Figure  E-16.  Prepared  adaptor  prior  to  2-in.  PRD  plating  cycle. 


Figure  E-17.  Prepared  IP  shaft  prior  to  2-in.  PRD  plating  cycle. 
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Figure  E-18.  Plated  samples  at  end  of  2-in.  PRD  plating  cycle. 


Figure  E-19.  Plated  IP  shaft  at  end  of  2-in.  PRD  plating  cycle. 
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Figure  E-20.  Plated  coupon  at  end  of  2-in.  PRD  plating  cycle. 


Figure  E-21.  Plated  adaptor  at  end  of  2-in.  PRD  plating  cycle. 
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Figure  E-22.  Tank  12-b  at  end  of  2-in.  PRD  plating  cycle. 
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Figure  E-25.  Prepared  adaptor,  at  start  of  regular  chromium  plating  cycle. 
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Figure  E-27.  All  prepared  samples  at  start  of  regular  chromium  plating  cycle. 
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Figure  E-28.  Tank  12-b  at  start  of  regular  chromium  plating  cycle. 


Figure  E-29.  Tank  12-a  at  start  of  regular  chromium  plating  cycle. 
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Figure  E-30.  Tank  12-b  at  end  of  regular  chromium  plating  cycle. 


Figure  E-31.  Plated  IP  shaft  at  end  of  regular  chromium  plating  cycle. 
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Figure  E-32.  Plated  adaptor  at  end  of  regular  chromium  plating  cycle. 


Figure  E-33.  Plated  parts  at  end  of  regular  chromium  plating  cycle. 
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ABSTRACT 


PRD  Tech,  Inc.  has  developed  a  Zero-Emission  process,  which  uses  a  proprietary  liq¬ 
uid  blanket,  designed  as  PRD-EL1,  which  floats  on  the  chromic  acid  liquid  and  re¬ 
duces  emission  of  chromic  acid  aerosols,  emitted  during  hard  chromium  plating  op¬ 
eration.  Testing  was  conducted  to  evaluate  the  effect,  if  any,  of  the  PRD-EL1  fluid  on 
the  quality  of  chromium  plating.  Testing  was  conducted  at  the  Anniston  Army  Depot 
(ANAD),  Anniston,  AL.  Plating  was  conducted  on  thirteen  components  and  three  test 
coupons  (16  pieces  total),  supplied  to  Benet  Labs  by  Anniston  Army  Depot  (ANAD) 
and  Corpus  Cristi  Army  Depot  (CCAD). 

The  majority  of  parts  plated  with  PRD-EL1  fluid  passed  all  qualitative  (adhesion, 
quality,  porosity)  requirements.  All  plated  parts  passed  the  porosity  test  and  the  aver¬ 
age  hardness  for  all  plated  samples  exceeded  700  HV  and  there  were  no  individual 
hardness  readings  below  700  HV.  Testing  failures  could  be  inadequate  mixing,  poor 
electrical  contact  in  the  cathode  during  plating,  shadowing  effect  of  the  test  coupons 
by  the  large  adjacent  parts  during  the  plating  operation,  and  surface  contamination  of 
the  plating  surface.  After  excluding  the  thickness  and  hardness  data  for  the  parts 
which  were  inadequately  plated  (plating  thickness  less  than  0.01  inches),  it  was  con¬ 
cluded  that  the  average  plating  thickness  and  plating  hardness,  with  and  without  the 
PRD-EL1  liquid  blanket,  did  not  exhibit  any  significant  statistical  differences,  dem¬ 
onstrating  that  the  PRD-EL1  liquid  does  not  interfere  with  the  plating  process. 
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INTRODUCTION 


Chromium  plating  of  machinery  parts  produces  a  surface  coating  that  helps  reduce 
wear  and  corrosion.  The  military  uses  these  processes  as  a  cheap  and  effective  way 
to  combat  the  wear  and  corrosion  of  parts  suffer  during  usage.  The  problem  with 
chromium  plating  is  the  emission  of  a  fine  aerosol,  during  the  plating  process.  Once 
in  the  atmosphere,  the  aerosol  forms  chromic  acid.  Hexavalent  chromium  has  long 
been  known  to  be  a  carcinogen  and  cause  of  perforated  nasal  passages,  skin  rashes 
and  other  medical  problems.  These  emissions  are  controlled  by  capturing  the  aero¬ 
sols  at  the  surface  with  airflow  above  the  vat,  which  enters  an  exhaust  duct  and  ex¬ 
its  from  a  stack  outside  the  building. 


PRD  Tech,  Inc.  has  developed  a  proprietary  Zero-Emission  process  (Appendix  1) 
which  uses  an  immiscible  liquid  that  covers  the  top  of  the  chromium  bath  during 
the  plating  process.  This  liquid,  designated  as  PRD-ELl,  prevents  the  aerosols  of 
chromium  from  reaching  the  atmosphere  by  trapping  the  bubbles  before  they  reach 
the  liquid-air  interface.  If  successful,  this  process  may  replace  expensive  scrubber 
technology  currently  used  to  deal  with  emissions. 


Testing  was  conducted  to  evaluate  the  effect,  if  any,  of  the  PRD  Tech  proprietary 
fluid  on  the  quality  of  chromium  plating.  Testing  was  conducted  in  Building  1 14  on 
the  Anniston  Army  Depot  (ANAD),  which  houses  the  depot’s  metal  finishing  opera¬ 
tions.  Line  2  was  used  for  the  test,  which  had  a  total  of  four  chromium  vats.  All 
test  plating  was  conducted  in  vat  12B  in  Line  2. 


The  plating  conditions  used  were  as  follows: 


Voltage: 

Current: 
Temperature: 
Plating  time: 
Reverse  Etching: 


3  volts  (Actual  value  is  1  V  higher  due  to  meter  bias) 
60  amps 

128°F  -  133°F  (thermocouple) 

12  hours 

Before  plating  at  3  volts,  65  amps  for  2.5  minutes 


Plating  was  conducted  on  thirteen  components  and  three  test  coupons  (16  pieces  to¬ 
tal),  supplied  to  Benet  Labs  by  Anniston  Army  Depot  (ANAD)  and  Corpus  Cristi 
Army  Depot  (CCAD).  Two  different  layer  thicknesses  of  the  PRD  Tech  fluid  were 
used:  2  inches  and  4  inches.  The  baseline  testing  was  conducted  in  accordance  with 
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AMS  2406K  (“Plating  Chromium  Hard  Deposit”),  para.  4.2.3)  and  AMS-QQ-C320 
(“Chromium  Plating”),  para.  3.4.2  and  4.5.4). 


The  experimental  design  and  components  plated  were  as  follows  (Table  G-l). 


Table  G-1.  The  experimental  design  and  components  plated. 


TEST  RUN 

PART  DESCRIPTION 

PART  ID 

Test  A 

CCAD  Part  #1 

114L2425-1 

Baseline 

CCAD  Part  #2 

145H7359-1 

(8/26/2002) 

Adaptor  Assembly 

12304148 

Helical  gear  Shaft 

12284387 

LP  Comp.  Shaft 

12286191 

Test  Coupons  were  run  on  8/27/2002  in  a  different  vat. 

Test  B 

CCAD  Part  #1 

114L245-1 

2”  PRD  Fluid 

Adaptor  Assembly 

12304148 

(8/27/2002) 

LP  Comp.  Shaft 

12286191 

Helical  Gear  Shaft 

Test  Coupons 

12284387 

Test  C 

CCAD  Part  #2 

145H7359-1 

4”  PRD  Fluid 

Adaptor  Assembly 

12304148 

(8/28/2002) 

LP  Comp.  Shaft 

12286191 

Helical  Gear  Shaft 

Test  Coupons 

12284387 

PLATING  TESTS  CONDUCTED 


The  following  tests  were  conducted  to  evaluate  the  quality  of  plating: 

I.  Qualitative:  Visual  observations  of  the  plated  parts  before  thermal  annealing 

II.  Quantitative: 

(a)  Thickness  Test  in  accordance  with  ASTM  B487 

(b)  Adhesion  Test  in  accordance  with  ASTM  B571  (para.  8) 

(c)  Quality  Test  in  accordance  with  AMS  2406K  (para.  3.5) 

(d)  Porosity  Test  in  accordance  with  AMS-QQ-C-320 

(e)  Hardness  Test  in  accordance  with  ASTM  B  578 
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RESULTS  AND  DISCUSSION 


1.  Test  Run  A  -  Baseline  Test 


Visual  inspection  of  the  plated  parts  indicated  that  the  overall  plating  quality  was 
very  good.  Small  amounts  of  noncritical  bits  resulting  partly  from  the  gas  bubble 
and  partly  from  the  amount  of  plating.  Plating  thickness  varied  in  the  range  of 
0.006  to  0.01  inches. 

(a)  Thickness  Testing 

Thickness  tests  were  conducted  by  obtaining  multiple  cross-sections  from  each  com¬ 
ponent/coupon.  These  cross-sections  were  mounted,  polished,  and  etched  with  a  2 
percent  nital  solution.  Component  145H7359-1  (CCAD  Part  #  2)  did  not  etch  with 
nital.  An  X-Ray  fluorescent  chemical  analysis  was  performed  on  the  base  metal  of 
this  piece  and  it  was  qualitatively  identified  as  a  stainless  steel.  All  other  compo¬ 
nents  were  successfully  etched,  indicating  the  base  material  was  a  steel  alloy.  Re¬ 
sults  of  thickness  measurements  are  given  in  Table  G-2  and  shown  as  Figure  G-l. 

Table  G-2.  Results  of  the  thickness  measurements  for  the  Baseline  Test. 


Part  No. 

Baseline  Thickness  (in.) 

114L2425-1 

0.0113 

145H7359-1 

0.0137 

12304148 

0.0074 

12286191 

0.0232 

12284387 

0.0149 

Coupon 

0.0038 

It  can  be  seen  that  the  plating  thickness  for  the  coupon  was  significantly  less  than 
for  all  other  parts.  One  reason  for  this  lower  plating  thickness  may  be  that  the  cou¬ 
pon  were  plated  separately  in  a  different  vat  on  the  second  day  (8/27/2002),  since 
they  were  unavailable  until  the  second  day  of  the  demonstration  test  run.  Since  vat 
12B  was  being  used  for  Test  Run  B  on  the  second  day,  these  coupons  were  plated  in 
one  of  the  vats  located  across  in  Line  A.  Since  the  condition  of  plating  in  this  vat 
may  have  been  different  (different  concentration  of  chromium,  temperature,  cur¬ 
rent,  voltage,  etc.),  the  plating  thickness  cannot  be  directly  compared  with  the  parts 
plated  in  vat  12B  at  the  same  time. 

The  placement  of  the  parts  in  the  tank  is  shown  below  Figure  G-2. 
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AVERAGE  PLATING  THICKNESS  FOR  BASELINE 

TEST 


PART  ID 


Figure  G-1.  Plot  of  plating  thickness  of  each  piece  for  Baseline  Test. 


Figure  G-2.  Placement  of  the  parts  in  the  tank. 


The  LP  Shaft  (Part  ID  12286191-1)  had  the  maximum  plating  thickness  (0.0232  in.) 
while  the  Adaptor  Assembly  (Part  ID  123041481-1)  had  the  minimum  plating  thick¬ 
ness  of  0.0074  in.  (not  including  the  coupon,  since  it  was  plated  in  a  different  vat). 
This  may  be  due  to  a  wall  effect  of  the  tank  since  the  Adaptor  Assembly  was  at  one 
end  while  the  LP  Shaft  was  more  in  the  center  of  the  tank.  It  is  well  known  that 
tank  mixing  is  less  near  the  walls  of  the  tank  and  more  in  the  center  of  the  tank, 
especially  for  deep  tanks,  as  in  this  case.  The  Spur  Gear  (Part  ID  12284387-1)  had 
a  plating  thickness  in  between  the  highest  and  lowest  values,  even  though  it  was  at 
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the  other  end  of  the  tank.  The  part’s  geometry  also  plays  an  important  part.  The 
Spur  Gear  was  a  long  part,  with  the  section  being  plated  located  at  the  bottom  sec¬ 
tion  of  the  part,  while  the  Adaptor  Assembly  was  a  shorter  part  with  plating  section 
located  near  the  top  portion  of  the  part.  Since  liquid  mixing  is  from  the  bottom  of 
the  tank  (spargers  located  at  the  bottom  of  the  tank),  parts  with  plating  section  lo¬ 
cated  at  the  bottom  will  receive  a  thicker  plating  than  parts  with  plating  section  lo¬ 
cated  near  the  top  of  the  part. 

An  example  of  a  cross-section  used  for  thickness  measurements  can  be  seen  in  Fig¬ 
ure  G-3. 


Figure  G-3.  Typical  view  of  chromium  plating  sample  used  for  thickness  measurement, 
(b)  Adhesion  Testing 


Adhesion  testing  was  conducted  in  accordance  with  ASTM  B571  (para.  8).  The 
Grind  Saw  Test  was  preformed  on  eight  areas  for  each  specimen,  and  the  areas 
were  then  examined  at  5X  magnification.  Satisfactory  adhesion  was  observed  in  all 
of  the  specimens  except  145H7359-1  Baseline.  Failure  in  the  adhesion  test  indi¬ 
cates  that  the  surface  prior  to  plating  was  not  cleaned  completely  or  during  the 
placement  of  the  part  in  the  vat,  the  surface  was  touched  or  contaminated  by  some 
impurity.  It  should  be  noted  that  this  was  the  same  part  that  did  not  etch  with  2 
percent  solution  of  nital,  since  it  was  made  of  stainless  steel  while  all  other  materi¬ 
als  were  made  of  a  steel  alloy.  The  base  metal  also  plays  a  critical  part  in  adhesion 
of  the  chromium  plating,  and  ASTM  B-254  entitled  “Practice  for  Preparation  of  and 
Electroplating  on  Stainless  Steel”  should  provide  all  the  answers  to  this  issue. 
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Representative  photographs  of  a  good  adhesion  sample  (a)  and  the  failed  sample  (b) 
are  displayed  in  Figures  G-4  and  G-5.  Figure  G-4  is  an  example  of  a  sample  that 
passed  adhesion  criteria  and  Figure  G-5  is  an  example  of  Sample  145H359-1  Base¬ 
line  that  failed  the  adhesion  test  due  to  the  lifting/peeling  of  the  chromium  plating. 


Figure  G-4.  Sample  that  passed  adhesion  criteria. 


Figure  G-5.  Sample  145H359-1  Baseline  that  failed  the  adhesion  test. 

(c)  Quality  Testing 

Quality  testing  was  performed  on  each  piece  (components,  coupons)  by  visual  in¬ 
spection  in  accordance  with  AMS  2406K  (para. 3. 5).  The  specification  requires  that 
the  plating  be  firmly  bonded  to  the  base  metal,  while  maintaining  smooth  and  uni¬ 
form  appearance.  Pinholes  and  other  small  imperfections  that  resulted  from  the 
plating  not  filling  in  defects  on  the  surface  metal  are  considered  acceptable.  A  mag¬ 
nification  of  5X  was  used  to  inspect  the  pieces. 


All  the  pieces  plated  in  the  baseline  test  passed  this  quality  test. 
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(d)  Porosity  Testing 

Porosity  testing  was  conducted  in  accordance  with  AMS-QQ-C-320.  A  ferroxyl  test 
was  completed  by  soaking  filter  paper  in  ferroxyl  solution  and  heating  to  180-200 
degrees  F.  The  paper  was  then  placed  over  the  entire  plated  area  on  each  piece  for 
ten  minutes.  Blue  markings  occurred  on  the  filter  paper  as  a  result  of  the  reaction 
of  the  base  metal  with  the  solution.  These  markings  are  indicative  of  porosity. 

All  the  pieces  plated  in  the  baseline  test  passed  the  porosity  test. 

(e)  Plating  Hardness  Test 

Hardness  testing  was  completed  in  accordance  with  ASTM  B578.  A  Vicker’s  in- 
denter  with  a  100  gram  load  was  used.  The  minimum  acceptable  hardness  as  per 
the  standard  was  700  HV.  The  average  hardness  for  all  samples  was  above  the  700 
HV  minimum  (see  Table  G-3).  Additionally,  there  were  no  individual  hardness 
readings  below  700  HV. 


Table  G-3.  Results  of  plating  hardness  test  for  the  Baseline  pieces. 


Part  Number 

Baseline  Hardness  (HV) 

114L2425-1 

906.9 

145H7359-1 

921.33 

12304148 

855.33 

12286191 

877.07 

12284387 

855.33 

Coupon 

844.87 

Figure  G-6  shows  a  graph  of  the  Hardness  Test  results.  The  test  coupons  had  the 
lowest  hardness  and  again  this  can  be  attributed  to  the  fact  that  these  coupons  were 
plated  in  a  separate  vat,  wherein  the  plating  conditions  may  have  been  different 
than  in  vat  12B  where  the  rest  of  the  pieces  were  plated.  Part  145H7359-1  had  the 
highest  hardness  (921.33  HV),  and  since  this  part  was  stainless  steel,  the  stainless 
steel  base  metal  may  have  played  a  part  in  getting  this  higher  number  on  the  hard¬ 
ness. 

The  Adaptor  Assembly  (Part  ID  12304148-1)  had  the  lowest  hardness  number  and 
this  part  was  located  at  one  end  of  the  bath,  as  discussed  before  in  the  plating 
thickness  section  of  this  report  (refer  to  Section  la). 
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HARDNESS  TEST  RESULTS 


Figure  G-6.  Results  of  the  hardness  test  for  the  Baseline  pieces. 

2.  Test  Run  B  -  2”  PRD-EL1  Fluid  Laver  Thickness 

The  location  of  the  parts  plated  was  as  shown  below  (Figure  G-7). 


Figure  G-7.  Location  of  the  parts  plated. 


The  following  qualitative  observations  were  made  for  the  plated  parts: 

Adaptor  Assembly  (Part  ID  12304148-1) 


Noticeable  discoloration  along  the  side  of  plated  part.  It  seemed  that  the  plating 
was  much  less  in  this  area.  Possible  reasons  include:  (1)  Wax  didn’t  get  removed 


ADAPTOR 
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completely  during  heat  and  reverse  etching  performed  prior  to  beginning  of  the  for¬ 
ward  plating  operation;  (2)  High  contaminants  of  bath  by  ferrous  oxide  (visible 
rust).  Use  of  Fe  anodes  could  have  resulted  in  the  deposition  of  rust  particles  in  this 
area  due  to  slight  magnetization  of  the  surface,  generally  due  to  machining  opera¬ 
tion;  (3)  Iron  coupled  with  presence  of  molten  wax  could  have  temporarily  blanketed 
this  area;  (4)  Operation  of  the  pump  which  was  just  started  prior  to  this  test  run 
stirred  up  sediments  which  may  have  affected  the  quality  of  plating,  i.e.,  no  plating 
in  those  areas;  (5)  Possible  interruption  (poor  contact)  in  the  electrical  contact  of  the 
cathode  bar  holding  the  parts,  due  to  PRD-ELl  drip  on  the  bar  surface  during  the 
height  measurement.  Height  of  PRD-ELl  liquid  layer  was  measured  prior  to  be¬ 
ginning  the  test  run  by  inserting  the  ruler  and  tape  through  the  PRD-ELl  liquid  in 
the  general  surface  of  the  vat  near  the  cathode  bar.  In  addition,  this  part  was  lo¬ 
cated  at  one  end  of  the  tank,  where  lack  of  liquid  mixing  due  to  tank  wall  may  have 
impacted  the  quality  of  plating. 

Snur  Gear  (Part  ID  12284387-11 

Very  rough  plating  was  observed  on  the  surface. 

LP  Shaft  (Part  ID  12286191) 

Plating  comparable  to  Baseline  Test,  Test  Run  A  was  obtained.  Suspect  some  blis¬ 
tering  due  to  bath  contamination. 

CCAD  PART  #  1  (Part  ID  114L2425) 

Plating  comparable  to  Baseline  Test,  Test  Run  A  was  obtained. 

Test  Coupons 

Major  “trees”,  needle  like  structures  were  found  along  the  edges.  It  seems  that  the 
edges  were  plated  preferentially  than  the  surface.  Surface  roughness  was  also  no¬ 
ticeable  as  in  other  parts,  indicative  of  bath  contamination  enhanced  by  the  opera¬ 
tion  of  the  pump  and  sparger  unit. 


Results  of  quantitative  testing  are  given  below. 
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(a)  Thickness  Testing 


Thickness  tests  were  conducted  by  obtaining  multiple  cross-sections  from  each  com¬ 
ponent/coupon.  These  cross-sections  were  mounted,  polished,  and  etched  with  a  2 
percent  nital  solution.  Component  145H7359-1  (CCAD  Part#  2)  did  not  etch  with 
natal.  An  X-Ray  fluorescent  chemical  analysis  was  performed  on  the  base  metal  of 
this  piece  and  it  was  qualitatively  identified  as  a  stainless  steel.  All  other  compo¬ 
nents  were  successfully  etched,  indicating  the  base  material  was  a  steel  alloy.  Re¬ 
sults  of  thickness  measurements  are  given  in  Table  G-4  and  shown  in  Figure  G-8. 


Table  G-4.  Results  of  thickness  measurements  for  pieces  plated  with  2"  PRD-EL1  fluid. 


Part  No. 

2”  PRD  Thickness  (in.) 

114L2425-1 

0.004 

145H7359-1 

12304148 

0.007 

12286191 

0.0131 

12284387 

0.0097 

Coupon 

0.0031 

PLATING  THICKNESS  WITH  2"  PRD-EL1 

FLUID 


PART  ID 


Figure  G-8.  Plot  of  plating  thickness  for  pieces  plated  with  3"  PRD-EL1  fluid. 
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The  LP  Shaft  (Part  ID  12286191)  had  the  highest  plating  thickness  (0.0131  inches) 
and  the  CCAD  Part  #  1  (Part  ID  114L2425-1)  had  the  minimum  thickness  (0.004 
inches),  not  including  the  test  coupons.  The  test  coupons  had  the  overall  minimum 
thickness  and  this  is  mainly  because  of  the  location  of  the  coupons  within  the  tank. 
The  coupons  were  located  between  two  parts,  and  this  essentially  caused  the  small 
coupon  to  fall  into  the  “plating  shadow”  of  the  adjacent  parts,  which  meant  that  the 
adjacent  parts  got  plated  preferentially  to  the  coupon.  However,  due  to  higher  cur¬ 
rent  density  (amperes/area)  on  the  coupon  edges,  preferential  plating  occurred  on 
the  edges,  resulting  in  formation  of  trees  and  needle-like  structures. 

Also,  as  in  the  previous  test,  the  LP  Shaft  was  placed  at  or  near  the  center  of  the 
tank,  which  may  explain  its  maximum  plating  thickness  and  good  quality  of  plating. 
The  CCAD  Part  #  1  (Part  ID  114L2425-1)  had  good  plating  quality  but  the  plating 
thickness  was  much  less  than  the  LP  Shaft.  This  may  have  been  due  to  poor  elec¬ 
trical  contact,  and  this  was  demonstrated  experimentally  when  the  current  flow  was 
measured  at  each  cathode.  The  data  on  current  flows,  as  measured  during  the  plat¬ 
ing  test,  is  shown  below  (Figure  G-9). 

The  CCAD  Part  #  1  had  almost  1/3  of  the  current  flow  as  compared  to  the  other 
parts,  and  this  explains  why  the  plating  thickness  is  also  minimum.  This  shows 
that  poor  contact  can  lead  to  low  plating  thicknesses,  as  is  well  known.  In  compari¬ 
son,  the  LP  Shaft  had  almost  twice  the  current  flow  when  compared  to  the  CCAD 
Part  #1.  It  should  be  noted  that  the  current  flow  is  also  proportional  to  the  area 
being  plated,  and  although  data  on  plated  areas  in  not  available,  from  visual  inspec¬ 
tion  it  did  not  seem  that  the  CCAD  Part  #  1  had  significantly  less  plating  area  than 
the  LP  Shaft.  This  needs  to  be  verified  using  the  actual  plating  areas,  which  can  be 
easily  determined  from  the  plated  parts. 

Current  Flow 
Measured  by  Ammeter 

48  52  31  15  22  58  Total  =  226  amps 


Figure  G-9.  The  data  on  current  flows. 


112 


ERDC/CERL  TR-05-35,  Vol.  1 


(b)  Adhesion  Testing 

Adhesion  testing  was  conducted  in  accordance  with  ASTM  B571  (para.  8).  The 
Grind  Saw  Test  was  preformed  on  eight  areas  for  each  specimen,  and  the  areas 
were  then  examined  at  5X  magnification.  Satisfactory  adhesion  was  observed  in  all 
pieces  except  the  2”  coupon,  which  failed  the  test.  The  photograph  below  in  Figure 
G-10  shows  the  failed  coupon  sample. 


As  discussed  under  the  Plating  Thickness  test,  the  2”  coupon  was  not  plated  satis¬ 
factorily  mainly  due  to  “shadowing”  by  the  adjacent  parts,  and  this  explains  why  it 
also  failed  the  adhesion  test. 


(c)  Quality  Testing 

Quality  testing  was  performed  on  each  piece  (components,  coupons)  by  visual  in¬ 
spection  in  accordance  with  AMS  2406K  (para.  3.5).  The  specification  requires  that 
the  plating  be  firmly  bonded  to  the  base  metal,  while  maintaining  smooth  and  uni¬ 
form  appearance.  Pinholes  and  other  small  imperfections  that  resulted  from  the 
plating  not  filling  in  defects  on  the  surface  metal  are  considered  acceptable.  A  mag¬ 
nification  of  5X  was  used  to  inspect  the  pieces. 

All  pieces  passed  the  test  except  the  Adaptor  Assembly  (Part  ID  12304148-1),  which 
exhibited  a  burst  bubble  in  the  plating  surface  (Figure  G-ll). 
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Figure  G-11.  Ruptured  bubble  in  Part  ID  12304148-1. 


(d)  Porosity  Testing 

Porosity  testing  was  conducted  in  accordance  with  AMS-QQ-C-320.  A  ferroxyl  test 
was  completed  by  soaking  filter  paper  in  ferroxyl  solution  and  heating  to  180-200 
°F.  The  paper  was  then  placed  over  the  entire  plated  area  on  each  piece  for  10  min¬ 
utes.  Blue  markings  occurred  on  the  filter  paper  as  a  result  of  the  reaction  of  the 
base  metal  with  the  solution.  These  markings  are  indicative  of  porosity.  All  the 
pieces  plated  in  the  baseline  test  passed  the  porosity  test. 

(e)  Plating  Hardness  Test 

Hardness  testing  was  completed  in  accordance  with  ASTM  B578.  A  Vicker’s  in- 
denter  with  a  100  gram  load  was  used.  The  minimum  acceptable  hardness  as  per 
the  standard  was  700  HV.  The  average  hardness  for  all  samples  was  above  the  700 
HV  minimum  (see  Figure  G-12).  Additionally,  there  were  no  individual  hardness 
readings  below  700  HV. 

The  highest  hardness  was  measured  in  the  LP  Shaft  (Part  ID  12286191-1)  and  the 
minimum  hardness  was  in  the  CCAD  Part#  1  (Part  ID  114L2425).  The  hardness 
plot  mimics  the  plating  thickness  plot,  shown  in  Figure  G-8.  So  the  discussion  pre¬ 
sented  earlier  for  the  plating  thickness  also  applies  to  the  hardness  data,  although 
the  differences  in  the  hardness  numbers  are  not  large.  It  is  important  to  point  out 
that  since  all  the  pieces  passed  the  porosity  test,  the  hardness  should  be  above  the 
minimum  value  of  700  HV.  Also,  differences  in  current  flow,  as  noted  earlier,  could 
have  contributed  to  less  plating  and  lower  hardness  numbers  for  the  CCAD  Part  #  1 
(Part  ID  114L2425). 
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HARDNESS  TEST  RESULTS  WITH 
2"  PRD-EL1  FLUID 


PART  ID 


Figure  G-12.  Results  of  the  hardness  test  for  pieces  plated  with  2"  PRD-EL1  fluid. 


3.  Test  Run  C  -  4”  PRD-EL1  Fluid  Laver  Thickness 


The  location  of  the  parts  within  the  bath  are  shown  below  (Figure  G-13). 

Current  Flow 
Measured  by  Ammeter 

48  52  31  15  22  58  Total  =  226  amps 


Figure  G-13.  Location  of  parts  within  the  bath. 


It  seemed  that,  overall,  there  were  no  visibly  evident  signs  of  any  possible  plating 
quality  issues,  unlike  the  Test  Run  B,  where  some  discolorations,  rough  plating, 
blistering,  etc.  were  observed. 
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It  was  also  noted  that  particles  of  iron  oxide  and  others,  present  in  the  chromic  acid 
bath  due  to  prior  reverse  etching,  were  not  present  in  substantial  concentration  in 
the  PRD- ELI  liquid  layer  (2  inches  thick)  after  the  2”  plating  test  (current  flow 
switched  off,  mixing  pump  running),  which  gave  the  PRD-EL1  layer  an  almost  clear 
appearance  visually.  However,  before  the  4”  test  was  begun  next  day,  and  before 
new  liquid  was  added  to  increase  the  liquid  layer  thickness  from  2”  to  4”,  with  the 
mixing  pump  running  overnight,  it  was  observed  that  the  PRD-EL1  layer  (2”  thick) 
had  a  higher  concentration  of  iron  oxide  and  other  particles,  than  were  present  the 
day  before  after  completion  of  the  2”  test. 

When  plating  is  conducted,  bubbles  of  hydrogen  and  oxygen  gases  rise  through  the 
chromic  acid,  and  then  either  break  into  smaller  bubbles  (microbubbles)  as  the  gas 
enters  the  PRD-EL1  layer  at  the  chromic  acid-PRD-ELl  interface  (when  the  rise 
velocity  of  the  gas  bubbles  is  higher  and  the  bubbles  are  bigger),  causing  the  PRD- 
ELl  Layer  to  have  a  whitish  appearance  in  some  places  during  plating,  or  bubble 
without  breakage  through  the  PRD-ELl  layer.  After  plating  has  been  concluded, 
and  after  the  plating  current  has  been  switched  off,  the  gas  microbubbles  remain 
suspended  in  the  PRD-ELl  layer  for  some  time,  and  slowly  rise  to  the  surface  of  the 
PRD-ELl  layer.  However,  due  to  the  presence  of  these  microbubbles,  the  average 
density  of  the  PRD-ELl  layer  is  reduced,  since  the  gas  bubbles  have  a  significantly 
lower  density  than  the  PRD-ELl  liquid  itself.  Due  to  this  lower  average  density  of 
the  PRD-ELl  layer  with  gas  microbubbles,  the  solid  particles  of  iron  oxide  and  oth¬ 
ers  that  enter  the  liquid  layer  due  to  mixing,  are  unable  to  stay  in  the  PRD-ELl  liq¬ 
uid  layer  and  settle  at  a  much  faster  rate,  due  to  a  higher  density  difference.  This 
gives  the  liquid  layer  a  clearer  appearance. 

However,  after  plating  has  been  concluded,  and  after  sufficient  time  has  elapsed 
(overnight)  to  allow  the  microbubbles  to  escape  into  the  ambient  air,  with  the  mix¬ 
ing  pump  running,  the  solid  particles  are  able  to  enter  and  stay  in  the  liquid  layer 
longer,  due  to  lower  density  difference,  thereby  giving  it  a  murkier  appearance  visu¬ 
ally. 

It  was  also  observed  that  after  plating  with  4”  thickness  of  PRD-ELl  layer,  the  level 
in  the  plating  tank  had  fallen  significantly  more  than  when  plating  was  conducted 
with  2”  layer,  or  even  when  no  PRD-ELl  layer  was  present  (base  case,  with  air  run¬ 
ning). 

With  PRD-ELl  layer  as  a  blanket  with  no  on-going  plating  (no  gas  bubbling),  evapo¬ 
ration  rate  of  water  through  the  liquid  blanket  is  reduced.  Laboratory  measure¬ 
ments,  conducted  at  130  degrees  F,  with  no  liquid  agitation  of  chromic  acid  or  liquid 
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blanket,  experimentally  showed  that  water  evaporation  rates  were  0.01  -  0.03  gal¬ 
lon/ft2.  hr  using  a  2”  thick  layer  of  PRD-ELl,  and  were  0.004  -  0.013  gallon/ft2.hr  for 
a  4”  thick  layer  of  PRD-ELl.  The  reason  for  the  variability  was  due  to  the  fact  that 
humidity  of  ambient  air  above  the  blanket  was  not  controlled  when  these  measure¬ 
ments  of  evaporation  rate  were  made. 

When  plating  is  conducted  with  no  PRD-ELl  blanket,  hydrogen  and  oxygen  gas 
bubbles,  formed  due  to  electrolysis  of  water,  rise  through  the  chromic  acid  and  carry 
water  vapor.  This  causes  water  loss  to  increase  during  plating  than  when  no  plat¬ 
ing  is  being  conducted.  The  amount  of  gas  bubbles  generated  during  plating  de¬ 
pends  on  the  amperage  and  voltage  at  which  the  plating  is  conducted,  i.e.,  current 
density. 

In  the  laboratory,  we  have  observed  higher  water  loss  with  increasing  PRD-ELl 
blanket  thickness,  during  gas  bubbling.  The  evaporation  rate  of  water  at  130  de¬ 
grees  F  for  2”  PRD-ELl  blanket  thickness  increased  by  10  percent  when  compared 
with  the  same  conditions  (temperature,  gas  flowrate  through  the  chromic  acid)  with 
no  PRD-ELl  blanket  and  by  17  percent  with  4”  PRD-ELl  blanket  layer  thickness. 
These  results  are  expected  to  change  with  changes  in  gas  flowrate  (amperage  and 
voltage  of  plating),  plating  temperatures,  etc.  This  increase  is  attributed  to  several 
factors,  discussed  earlier:  (1)  increased  water  vapor  content  inside  the  gas  bubbles, 
as  they  pass  from  the  chromic  acid  liquid  to  the  liquid  blanker  layer;  (2)  spouting  of 
chromic  acid  as  the  gas  bubbles,  especially  large  size,  move  through  the  blanket 
layer,  which  causes  the  chromic  acid  to  spread  on  the  blanket  liquid’s  surface,  in¬ 
creasing  evaporation  rate  of  water;  (3)  increased  tendency  for  gas  to  accumulate  be¬ 
tween  the  chromic  acid-PRD-ELl  interface,  resulting  in  periodic  bursting,  accompa¬ 
nied  by  spouting  effect. 

It  should  be  noted  that  increased  water  loss  during  plating,  and  reduced  water  loss 
when  no  plating  is  being  conducted,  is  actually  beneficial  for  application  of  PRD- 
ELl  liquid  blanket  technology  for  electroplating  tanks.  When  no  liquid  blanket  is 
used,  evaporation  of  water,  especially  during  warm  weather  conditions,  requires 
regular  additions  of  water,  and  usually  the  water  from  the  rinse  tanks  is  used  for 
this  purpose.  This  allows  electroplating  shops  to  operate  with  no  net  wastewater 
(chromium  present)  discharge.  Results  of  quantitative  testing  are  given  below. 

(a)  Thickness  Testing 

Thickness  tests  were  conducted  by  obtaining  multiple  cross-sections  from  each  com¬ 
ponent/coupon.  These  cross-sections  were  mounted,  polished,  and  etched  with  a  2 
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percent  I  atal  solution.  Component  145H7359-1  (CCAD  Part  #  2)  did  not  etch  with 
l  atal.  An  X-Ray  fluorescent  chemical  analysis  was  performed  on  the  base  metal  of 
this  piece  and  it  was  qualitatively  identified  as  a  stainless  steel.  All  other  compo¬ 
nents  were  successfully  etched,  indicating  the  base  material  was  a  steel  alloy.  Re¬ 
sults  of  thickness  measurements  are  given  in  Table  G-5  and  shown  in  Figure  G-14. 


Table  G-5.  Results  of  plating  thickness  measurements  for  4”  PRD-EL1  liquid. 


Part  No. 

4”  PRD  Thickness  (in.) 

114L2425-1 

145H7359-1 

0.0126 

12304148 

0.0094 

12286191 

0.0129 

12284387 

0.0183 

Coupon 

0.006 

PLATING  THICKNESS  WITH  4"  PRD-EL1  FLUID 


PART  ID 


Figure  G-14.  Plot  of  plating  thickness  with  4"  PRD-EL1  fluid. 


The  Spur  Gear  (Part  ID  12284387)  had  the  highest  plating  thickness,  while  the 
Adaptor  Assembly  (Part  ID  12304148)  had  the  lowest  plating  thickness.  For  both 
these  cases,  the  parts  were  located  at  the  two  ends  of  the  tank  and  current  meas¬ 
urements  at  these  two  cathode  showed  comparable  current  flows  (refer  to  figure  at 
the  beginning  of  this  section,  which  shows  the  placement  of  the  parts).  The  test 
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coupon  had  the  overall  lowest  plating  thickness.  While  the  lack  of  plating  in  the 
test  coupon  case  can  be  explained  by  the  “shadowing”  effect,  discussed  earlier,  dif¬ 
ferences  in  plating  thicknesses  between  the  Spur  Gear  and  the  Adaptor  Assembly 
are  more  difficult  to  explain.  Perhaps  these  differences  are  not  significant,  which 
can  be  determined  if  the  raw  data  on  thickness  measurements  is  analyzed  to  deter¬ 
mine  the  standard  deviations,  rather  than  just  the  averages,  as  in  the  plot  above. 

It  should  be  noted  that  all  the  pieces  plated  to  greater  thicknesses  in  this  run  than 
in  the  previous  run  (Run  B  with  2”  PRD  Fluid),  since  the  greatest  plating  thickness 
in  Run  B  was  0.0131  inches  whereas  in  this  Run  it  was  0.0183  inches.  This  can  be 
attributed  to  the  fact  that  the  voltage,  amperage  and  temperature  conditions  in 
Runs  B  and  C  were  as  follows: 

EXPERIMENTAL  RUN  PLATING  CONDITIONS 

Run  B  -  2”  PRD- ELI  Fluid: 

Voltage  3.6  volts 

Current  220  amperes 

Temperature  132°  F 

Run  C  -  4”  PRD- ELI  Fluid: 

Voltage  4  volts 

Current  240  amperes 

Temperature  136°  F 

Even  if  the  voltage  and  current  effects  are  neglected,  the  higher  temperature  in  Run 
C  must  have  contributed  to  greater  plating  rates,  resulting  in  greater  plating  thick¬ 
nesses  for  all  parts.  Figure  G-15  shows  the  comparison  of  plating  thicknesses  for 
Runs  B  and  C. 

As  can  be  seen,  plating  thicknesses  with  2”  PRD-ELl  Fluid  were  consistently  lower 
than  with  4”  PRD-ELl  fluid  layer  thickness,  which  demonstrates  that  the  plating 
rates  with  2”  PRD-ELl  fluid  layer  were  lower  than  with  4”  PRD-ELl  layer,  and  this 
decrease  is  due  to  lower  voltages,  current  and  bath  temperature. 


ERDC/CERL  TR-05-35,  Vol.  1 


119 


COMPARISON  OF  PLATING  THICKNESSES  FOR 
RUNS  B  AND  C 


PART  ID 


Figure  G-15.  Comparison  of  plating  thickness  for  Runs  B  and  C. 

(b)  Adhesion  Testing 

Adhesion  testing  was  conducted  in  accordance  with  ASTM  B571  (para.  8).  The 
Grind  Saw  Test  was  performed  on  eight  areas  for  each  specimen,  and  the  areas 
were  then  examined  at  5X  magnification.  Satisfactory  adhesion  was  observed  in  all 
pieces  except  the  4”  coupon,  which  failed  the  test.  Figure  G-16  shows  a  photograph 
of  the  failed  4”  Coupon. 
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Figure  G-16.  Photograph  of  the  4"  Coupon  which  failed  the  adhesion  test. 

The  4”  coupon  failure  can  be  attributed  to  poor  plating  due  to  the  “shadowing”  ef¬ 
fect,  which  has  been  discussed  before  in  previous  sections. 

(c)  Quality  Testing 

Quality  testing  was  performed  on  each  piece  (components,  coupons)  by  visual  in¬ 
spection  in  accordance  with  AMS  2406K  (para.  3.5).  The  specification  requires  that 
the  plating  be  firmly  bonded  to  the  base  metal,  while  maintaining  smooth  and  uni¬ 
form  appearance.  Pinholes  and  other  small  imperfections  that  resulted  from  the 
plating  not  filling  in  defects  on  the  surface  metal  are  considered  acceptable.  A  mag¬ 
nification  of  5X  was  used  to  inspect  the  pieces. 

All  pieces  passed  the  test,  except  the  Spur  Gear  (Part  ID12284387).  It  exhibited  a 
burst  “bubble”  in  the  plating  surface  (see  Figure  G-17). 


Figure  G-17.  Photograph  of  a  ruptured  bubble  in  sample  ID  12284387-1. 

It  should  be  noted  that  this  sample  also  had  the  maximum  plating  thickness  and 
was  physically  located  at  one  end  of  the  tank.  The  previous  time  such  a  failure  had 
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occurred  was  in  the  previous  run  (Run  B  with  2”  PRD-ELl  liquid)  and  in  that  case 
(Adaptor  Assembly,  Part  ID  12304148-1)  the  piece  was  also  located  at  one  end  of  the 
tank,  rather  than  in  the  middle.  Gas  bubbles  stick  to  the  plating  surface  when 
there  is  insufficient  liquid  mixing  around  the  part  and  this  lack  of  mixing  predomi¬ 
nates  near  the  tank  walls.  This  type  of  plating  failure  is  mainly  due  to  lack  of  liquid 
movement  which  allows  hydrogen/oxygen  gas  bubble  to  stick  to  the  part’s  surface 
during  plating  and  prevent  plating  in  the  area  covered  by  the  gas  bubble.  Even¬ 
tually  the  gas  bubble  bursts  creating  the  failure. 

(d)  Porosity  Testing 

Porosity  testing  was  conducted  in  accordance  with  AMS-QQ-C-320.  A  ferroxyl  test 
was  completed  by  soaking  filter  paper  in  ferroxyl  solution  and  heating  to  180-200 
degrees  F.  The  paper  was  then  placed  over  the  entire  plated  area  on  each  piece  for 
ten  minutes.  Blue  markings  occurred  on  the  filter  paper  as  a  result  of  the  reaction 
of  the  base  metal  with  the  solution.  These  markings  are  indicative  of  porosity. 

All  the  pieces  plated  in  the  baseline  test  passed  the  porosity  test. 

(e)  Plating  Hardness  Test 


Hardness  testing  was  completed  in  accordance  with  ASTM  B578.  A  Vicker’s  in- 
denter  with  a  100  gram  load  was  used.  The  minimum  acceptable  hardness  as  per 
the  standard  was  700  HV.  The  average  hardness  for  all  samples  was  above  the  700 
HV  minimum  (Table  G-6).  Additionally,  there  were  no  individual  hardness  read¬ 
ings  below  700  HV. 

Table  G-6.  Results  of  the  hardness  test  for  pieces  plated  with  4"  PRD-ELl  fluid. 


Part  No. 

4”  PRD  Hardness  (HV) 

145H7359-1 

885.87 

12304148 

858.6 

12286191 

894.4 

12284387 

835.07 

Coupon 

893 

Figure  G-18  shows  a  plot  of  the  hardness  results. 
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PLOT  OF  PLATING  HARDNESS  WITH  4"  PRD-EL1  FLUID 


Figure  G-18.  Plot  of  hardness  results  with  4"  PRD-EL1  liquid. 


The  LP  Shaft  (Part  ID  12286191-1)  had  the  highest  hardness  value  and  the  Spur 
Gear  (Part  ID  12284387)  had  the  lowest  plating  hardness.  It  is  difficult  to  say 
whether  these  differences  are  significant  without  knowing  the  standard  deviations 
of  the  actual  data. 


CONCLUSION 


The  majority  of  the  parts  plated  with  PRD- ELI  fluid  passed  all  qualitative  (adhe¬ 
sion,  quality,  porosity)  requirements.  Parts  which  failed  some  of  the  tests  could  be 
attributed  to  the  following  causes: 

Bad  contact  at  cathode;  Current  flow  was  significantly  lower  than  at  other  cathodes, 
resulting  in  less  plating  thickness. 

Lack  of  mixing,  especially  near  the  tank  wall;  Parts  located  at  or  near  the  center  of 
the  tank  exhibited  higher  plating  thicknesses  than  parts  near  the  ends  of  the  tank. 

Shadowing  effect,  which  occurred  with  coupons  located  between  large  parts,  which 
resulted  in  low  plating  thicknesses  and  failures  in  adhesion  testing.  The  edges  of 
the  coupons  plated  creating  finger  type  projections,  which  was  due  to  higher  current 
densities  (amperes/area)  at  the  edges  of  the  coupons. 
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Inadequate  surface  cleaning  prior  to  plating  or  incomplete  removal  of  wax  during 
heating  and  reverse  etching  prior  to  forward  plating  operation 

High  concentration  of  ferrous  oxide  (visible  rust)  which  was  stirred  by  chromium 
liquid  recycle  through  the  sparger,  located  at  the  bottom  of  the  tank. 

Figure  G-19  summarizes  the  main  causes  of  inadequate  plating  thickness  for  the 
pieces  plated  in  the  Baseline  (Run  A),  Run  B  with  2”  PRD-EL1  fluid,  and  Run  C 
with  4”  of  PRD-ELl  fluid.  Using  a  plating  thickness  of  0.01  inches  as  acceptable 
and  discarding  data  for  all  pieces  with  plating  thicknesses  less  than  0.01  inches,  a 
subset  of  the  total  dataset  was  obtained,  as  given  in  Table  G-7. 


PLATING  THICKNESS 


Baseline  Thickness  (in.) 
2”  PRD  Thickness  (in.) 
4”  PRD  Thickness  (in.) 


Shadowing  Effect 
of  adjacent  pieces 
in  tank 


Figure  G-19.  Summary  of  causes  for  inadequate  plating  thickness. 
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Table  G-7.  Reduced  subset  of  plating  thickness  and  hardness  data. 


PART  ID 

PLATING  THICKNESS 
(inches) 

PLATING  HARDNESS 
(HV) 

114L2425-1 

0.0113 

906.90 

145H7359-1 

0.0126 

885.87 

12286191-1 

0.0129 

894.40 

12286191-1 

0.0131 

885.47 

145H7359-1 

0.0137 

921.33 

12284387-1 

0.0149 

885.33 

12284387-1 

0.0183 

835.07 

12286191-1 

0.0232 

877.07 

The  average  plating  thickness  for  the  reduced  dataset,  summarized  in  Table  G-7  is 
0.015  inches  and  the  standard  deviation  is  0.004  inches.  Since  the  plating  thick¬ 
nesses  for  all  the  parts  in  this  reduced  dataset  fall  within  two  standard  deviations  of 
the  average,  it  can  be  concluded  that  there  is  no  statistically  significant  difference 
in  plating  thickness  between  all  the  parts  included  in  the  reduced  dataset.  Hence, 
the  presence  of  PRD-ELl,  or  its  different  layer  thickness  (2”  and  4”),  does  not  statis¬ 
tically  impact  plating  thicknesses,  when  compared  to  the  conventional  plating  proc¬ 
ess  (no  PRD-ELl  blanket). 

The  average  plating  hardness  for  the  reduced  dataset  is  886.43  HV  and  the  stan¬ 
dard  deviation  is  25.15  HV.  All  hardness  measurements  also  fall  within  two  stan¬ 
dard  deviations  of  the  average,  indicating  that  there  is  no  statistical  difference  be¬ 
tween  the  hardness  values  for  the  tests  included  in  the  reduced  dataset.  Hence,  the 
presence  of  PRD-ELl,  or  its  different  layer  thickness  (2”  and  4”),  does  not  statisti¬ 
cally  impact  plating  hardness,  when  compared  to  the  conventional  plating  process 
(no  PRD-ELl  blanket). 
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APPENDIX  A 

DESCRIPTION  OF  THE  ZERO-EMISSION  PROCESS 
FOR  ELECTROPLATING  OPERATIONS 
ZERO-EMISSION  PROCESS  FOR  ELECTROPLATING  OPERATIONS 


Hard  chromium  plating  is  extensively  used  in  the  industry  to  improve  the  wear 
characteristics  of  metal  parts.  It  is  also  used  for  decorative  purposes.  EPA  has 
identified  hexa valent  chromium,  used  in  chromium  plating,  as  one  of  the  17  high- 
priority  toxic  chemicals  and  is  known  to  be  a  human  carcinogen12.  It  has  been  clas¬ 
sified  by  the  U.S.  EPA  as  a  Group  A  carcinogen3.  Inhalation  is  the  major  exposure 
pathway  for  Cr6+.  Workplace  exposure  to  Cr6+  has  been  associated  with  a  number  of 
sources  -  metal  plating,  spray  painting,  welding,  tanning,  and  abrasive  blasting  op¬ 
erations. 

Regulation  of  bath  temperature  and  mixing  of  the  plating  solution  are  essential  for 
successful  electroplating.  Reject  rate  of  parts  increases  due  to  non-uniformity  of 
temperature  in  the  plating  bath  and  this  increases  waste  generation.  In  some 
cases,  temperature  control  is  achieved  by  using  heat  ex-changer  coils  with  cooling 
water,  and  the  generation  of  gases  due  to  electrolysis  of  water  during  electroplating 
mixes  the  bath  fluid.  In  other  cases,  air  sparging  is  used  to  cool  the  bath  during 
electroplating  and  mix  the  fluid  in  the  bath.  For  both  cases,  aerosols  are  produced 
when  the  gas  bubbles  break  at  the  bath  surface,  and  these  aerosols  are  responsible 
for  the  chromium  emissions. 

Recently,  a  new  Zero-Emission  Electroplating  process  has  been  developed  by  PRD 
Tech,  Inc.  which  can  be  retrofitted  in  existing  chromium  electroplating  baths,  and 
result  in  substantially  reduced  emission  of  chromium  aerosols  during  electroplating. 
The  process  can  be  implemented  in  two  ways:  (1)  A  floating  liquid  layer  of  PRD- 
EL1,  which  is  recirculated  through  the  bath  using  an  adjustable  skimmer  and  ex¬ 
ternal  diaphragm  pump,  as  shown  in  Figure  G-21;  and  (2)  Floating  liquid  layer  of 
PRD- ELI,  with  an  external  mounted  pump  which  recirculates  the  chromium  liquid 
through  a  sparger  with  cooling  achieved  by  a  heat  exchanger  coil,  as  shown  in  Fig¬ 
ure  G-22.  In  both  implementations,  a  proprietary  liquid,  PRD-EL1  is  used  to  create 
a  floating  liquid  blanket  layer  on  the  chromium  bath.  The  liquid  is  colorless,  trans¬ 
parent,  physiologically  inert,  non-volatile,  immiscible  with  the  chromic  acid  solu¬ 
tion,  electrically  non-conductive,  with  density  less  than  water.  These  properties  al¬ 
low  the  PRD- ELI  to  float  as  a  blanket  on  the  chromium  liquid,  without  creating  any 
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emissions  on  its  own,  and  preventing  the  emission  of  chromium  aerosols  from  the 
bath.  Parts  to  be  plated  can  be  placed  in  the  bath  by  passing  through  the  liquid 
blanket  and  plated  parts  can  be  withdrawn  from  the  bath.  Rinsing  of  the  part 
above  the  bath  allows  any  liquid  blanket  attaching  to  the  part’s  surfaces  to  be  re¬ 
turned  back  to  the  plating  bath. 

The  main  advantages  of  using  the  PRD- ELI  liquid  blanket  technology  are: 

(1)  substantial  reduction  of  chromium  aerosols,  which  cause  chromium  exposure 
to  working  personnel  and  result  in  chromium  emissions; 

(2)  due  to  reductions  in  chromium  emissions  from  the  tank,  venting  rates  from 
the  plating  shop  by  exhaust  fans  can  be  reduced;  this  causes  substantial  energy  sav¬ 
ings  especially  for  plating  shops  in  cold  climate  locations,  where  air  heating  costs 
can  be  a  substantial  fraction  of  the  shop’s  operating  budget; 

(3)  temperature  in  the  bath  is  maintained  either  by  the  cooling  coils  in  the  bath 
or  by  cooling  of  the  recirculating  PRD-ELl  liquid,  and  mixing  in  the  tank  is  accom¬ 
plished  by  either  recirculation  and  sparging  of  PRD-ELl  within  the  tank  or  by  re¬ 
circulation  and  sparging  of  the  chromium  solution;  and 


(4)  elimination  of  fume  suppressant  costs. 
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Figure  G-20.  Schematic  of  the  Zero-Emission  Process  with  Blanket  Liquid  Recirculation. 


LIQUID  PUMP 
RECIRCULATING 
CHROME  SOLUTION 


Figure  G-21.  Schematic  of  the  Zero-Emission  Process  with  Chromium  Liquid  Recirculation. 
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ABSTRACT 


PRD  Tech,  Inc.  has  developed  a  Zero- Emission  process,  which  uses  a  proprietary 
liquid  blanket,  de-signed  as  PRD- ELI,  which  floats  on  the  chromic  acid  liquid  and 
reduces  emission  of  chromic  acid  aerosols,  emitted  during  hard  chromium  plating 
operation.  Testing  was  conducted  to  evaluate  the  effect,  if  any,  of  the  PRD-ELl 
fluid  on  the  extent  of  air  emissions  during  electroplating.  Testing  was  conducted  at 
the  Anniston  Army  Depot  (ANAD),  Building  1 14,  Alabama.  Plating  was  conducted 
on  several  components  and  test  coupons  using  Line  2,  while  concurrent  production 
was  being  con-ducted  in  Line  1,  as  scheduled.  Line  2  had  a  total  of  four  chromium 
vats.  For  this  demonstration  only  vats  12A  and  12B  were  used. 

The  fumes  from  all  chromium  vats,  were  pulled  through  one  duct  using  an  induced 
draft  fan,  which  exhausted  through  an  entrainment  separator  to  a  38-inch  inside 
diameter  stack.  For  this  demonstra-tion  test,  the  Alabama  Department  of  Envi¬ 
ronmental  Management  (AD EM)  had  allowed  the  separa-tor  to  be  removed  from  the 
system.  Sampling  was  conducted  through  two  4-inch  ID  ports,  located  at  right  an¬ 
gles  to  each  other  and  located  3  duct  diameters  downstream  and  1.4  duct  diameters 
upstream  from  the  nearest  flow  disturbances.  Using  EPA  Method,  a  velocity  trans¬ 
verse  of  24  sampling  points  (12  per  transverse)  was  conducted  using  a  pitot 
tube/thermocouple  assembly.  Details  of  the  sampling  procedure  are  presented  in 
the  Appendix  Report. 

In  addition  to  stack  sampling,  Total  Suspended  Particulate  (TSP)  samplers  were 
used  to  determine  the  chromium  levels  in  the  indoor  atmosphere.  The  West  sam¬ 
pler  was  located  approximately  six  feet  west  of  chromium  plating  vat  12  B.  The 
East  Sampler  was  located  approximately  12  feet  east  of  chromium  plating  vat  12B. 

Tests  were  conducted  with  4  inches,  2  inches  and  no  PRD  liquid.  The  average  total 
chromium  con-centrations  for  each  test  series,  as  measured  per  USEPA  Method 
306,  was  below  the  0.015  mg/dscm  National  Emission  Standards  for  Hazardous  Air 
Pollutants  (NESHAP)  -  Chromium  standard.  There  was  substantial  reduction  in 
chromium  emissions  due  to  the  presence  of  PRD  liquid,  although  the  effect  of  liquid 
blanket  thickness  could  not  be  quantified  due  to  emissions  from  other  tanks  that 
were  operating  without  the  PRD  liquid. 
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INTRODUCTION 


Chromium  plating  of  machinery  parts  produces  a  surface  coating  that  helps  reduce 
wear  and  corrosion.  The  military  uses  these  processes  as  a  cheap  and  effective  way 
to  combat  the  wear  and  corrosion  of  parts  suffer  during  usage.  The  problem  with 
chromium  plating  is  the  emission  of  a  fine  aero-sol,  during  the  plating  process. 
Once  in  the  atmosphere,  the  aerosol  forms  chromic  acid.  Hexavalent  chromium  has 
long  been  known  to  be  a  carcinogen  and  cause  of  perforated  nasal  passages,  skin 
rashes  and  other  medical  problems.  These  emissions  are  controlled  by  capturing 
the  aerosols  at  the  surface  with  airflow  above  the  vat,  which  enters  an  exhaust  duct 
and  exits  from  a  stack  outside  the  building. 

PRD  Tech,  Inc.  has  developed  a  proprietary  Zero-Emission  process  (Appendix  1) 
which  uses  an  immiscible  liquid  that  covers  the  top  of  the  chromium  bath  during 
the  plating  process.  This  liquid,  designated  as  PRD-EL1,  prevents  the  aerosols  of 
chromium  from  reaching  the  atmosphere  by  trapping  the  bubbles  before  they  reach 
the  liquid-air  interface.  If  successful,  this  process  may  replace  expensive  scrubber 
technology  currently  used  to  deal  with  emissions. 

Testing  was  conducted  to  evaluate  the  effect,  if  any,  of  the  PRD  Tech  proprietary 
fluid  on  the  quality  of  chromium  plating.  Testing  was  conducted  in  Building  1 14  on 
the  Anniston  Army  Depot  (ANAD),  which  houses  the  depot’s  metal  finishing  opera¬ 
tions.  Vats  12A  and  12B  in  Line  2  were  used  for  the  test. 

The  plating  conditions  used  were  as  follows: 

Voltage:  Vat  12A:  7.0  V;  Vat  12B:  3.8  -  4.0  V 

Amperage:  Vat  12A:  1,100  amps;  Vat  12B:  300  amps 

Temperature:  Vat  12A:123oF;  Vat  12B:  122oF  (hand  held  thermometer) 

Plating  time:  12  hours 

Reverse  Etching:  Before  plating  at  4  volts,  225-230  amps 


Plating  was  conducted  on  test  coupons,  Adapter  Assembly,  and  LP  shaft. 
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The  experimental  design  and  components  plated  were  as  follows  (Table  H-l). 


Table  H-1.  Reduced  subset  of  plating  thickness  and  hardness  data. 


Test  Run  Series 

Part  Description 

Comments 

1  (Runs  1,2,  3) 

Test  Coupons,  Adapter,  LP  Shaft 

4”  PRD  liquid  thickness  Chromium 
plating  occurring  in  Vat  on  line  2, 
which  is  not  used  for  demonstra¬ 
tion.  Tank  8  in  line  1  was  also  op¬ 
erating,  plating  two  small  parts. 
Another  concern  was  that  Tank 
was  about  25  ft  south  of  the 
background  air  sampler,  and 
emissions  from  this  tank  move 
directly  across  the  suction  regis¬ 
ters  of  Tanks  15  and  16  (mid¬ 
suction  registers)  in  Line  2,  and 
these  emissions  are  not  ac¬ 
counted  by  the  background  air 
sampler.  This  may  skew  the  re¬ 
sults  from  tanks  12Aand  12B. 

that  Tank  8  was  about  25  ft 

2  (Runs  4,  5,  6) 

Test  Coupons,  Adapter,  LP  Shaft 

2”  PRD  liquid  thickness.  Tank  10 
(Line  1)  was  not  plating.  Tank  2 
was  plating.  The  lower  suction 
registers  of  Tank  16  (Line  2)  were 
covered;  however  the  upper  regis¬ 
ters  were  still  open,  leaving  the 
possibility  of  cross-contamination 
into  Line  2  duct  from  Tank  8  emis¬ 
sions.  The  first  run  in  this  series 
was  started  at  8:20  am;  however 
Vat  12B  was  not  started  until  9:00 

am. 

3  (Runs  7,  8,  9) 

Test  Coupons,  Adapter,  LP  Shaft 

No  PRD  liquid;  there  was  some 
leftover  PRD  liquid  that  could  not 
be  removed  from  the  chromium 
solution  surface.  The  large  vat  at 
the  end  of  Line  1  was  plating,  and 
potential  fumes  from  this  opera¬ 
tion,  if  introduced  into  Line  2  ex¬ 
haust,  could  bias  results. 
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TESTS  CONDUCTED 


The  following  tests  were  conducted  to  evaluate  the  quality  of  plating: 

I.  Quality  of  Plating:  Visual  observations  of  the  plated  parts  before  thermal  an¬ 
nealing 

II.  Air  Sampling:  (a)  USEPA  RMs  1-4  were  used  to  verify  sampling  points,  con¬ 

duct  velocity  transverse  and  cyclonic  flow  checks,  and  to  determine  moisture  and 
stack  gas  content. 


(b)  USEPA  306  for  Total  Chromium 
(c  )  Total  Suspended  Particulate  (TSP) 

2  hour  samples  were  collected  from  two  locations. 

RESULTS  AND  DISCUSSION 


Test  Run  1:  4”  of  PRD  Liquid  thickness  in  Vats  12A  and  12B  (Table  H-2). 


Table  H-2.  Test  Run  1:  4"  of  PRD  liquid  in  Vats  12Aand  12B. 


Run  Number 

Total  Amperage 
(amps) 

Total  Cr  In  Stack 
(mg/dscm) 

TSP  -West 
(mg/m3) 

TSP-East 

(mg/m3) 

Run  1 

1,300 

0.016 

0.125 

0.067 

Run  2 

1,400 

0.009 

0.010 

0.005 

Run  3 

1,400 

0.007 

0.004 

0.002 

Tank  12A  had  noticeable  blobs  floating  on  the  surface  and  also  at  the  interfacial 
layer  of  PRD  fluid  and  the  chromium  acid  solution.  Tank  12B  did  not  have  any  such 
blobs. 


All  the  parts  removed  after  plating  looked  fairly  good.  There  were  no  visible 
streaks,  water  breaks,  etc.  The  parts  were  sent  for  baking  next  day  in  the  morning. 

Clearly,  Run  1  results  from  the  above  table  are  significantly  different  than  the  re¬ 
sults  for  Runs  2  and  3.  Neglecting  the  results  of  Run  1,  since  at  this  time,  emissions 
from  Tank  8  were  being  collected  by  the  suction  registers  of  Tanks  15  and  16  into 
the  line  2  stack,  we  get  the  following  average  results: 
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Total  Amperage:  1,400  amps 

Total  Cr  in  Stack  (mg/dscm):  0.008 
TSP  -  West  (mg/m3):  0.007 

TSP  -  East  (mg/m3):  0.0035 


Test  Run  2:  2”  of  PRD  Liquid  thickness  in  Vats  12A  and  12B  (Table  H-3). 


Table  H-3.  Test  Run  2:  2"  PRD  liquid  thickness  in  Vats  12Aand  12B. 


Run  Number 

Total  Amperage 
(amps) 

Total  Cr  in  Stack 
(mg/dscm) 

TSP  -West 
(mg/m3) 

TSP-East 

(mg/m3) 

Run  4 

1,400 

0.011 

0.020 

0.006 

Run  5 

1,400 

0.004 

0.019 

0.005 

Run  6 

1,400 

0.008 

0.009 

0.004 

Tank  16  (Line  2)  is  covered  (lower  suction  registers  only).  Upper  registers  are  still 
open,  which  gives  the  possibility  of  cross  contamination. 


The  plating  was  fair,  especially  on  the  test  coupons.  The  Adapter  assembly  had  a 
slight  water  mark.  During  this  run,  the  voltage  fluctuated  (3.7  -  4.7  V)  and  current 
(50  -  250  amps)  throughout  the  plating  run.  The  contacts  were  checked  and  found 
to  be  fine. 

The  average  emissions  were  as  follows: 

Total  Amperage:  1,400  amps 

Total  Cr  in  Stack  (mg/dscm):  0.008 
TSP-West  (mg/m3):  0.016 

TSP  —  East  (mg/m3):  0.005 


Test  Run  3:  No  PRD  Liquid  in  Vats  12A  and  12B  (Table  1-4). 


Table  H-4.  Test  Run  3:  No  PRD  liquid  in  Vats  12Aand  12B. 


Run  Number 

Total  Amperage 
(amps) 

Total  Cr  in  Stack 
(mg/dscm) 

TSP  -West 
(mg/m3) 

TSP-East 

(mg/m3) 

Run  7 

1,400 

0.013 

0.130 

0.027 

Run  8 

1,400 

0.013 

0.098 

0.021 

Run  9 

1,400 

0.015 

0.071 

0.011 

Tank  10  in  line  1  is  running.  Tank  8  is  expected  to  run  for  20  hours.  Tank  16  is 
covered. 
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All  of  PRD  liquid  could  not  be  removed.  Further,  air  flow  in  the  large  tank  was  not 
even,  since  the  pipe  was  broken  in  the  middle. 


Total  Amperage: 

Total  Cr  in  Stack  (mg/dscm): 
TSP-West  (mg/m3): 

TSP  -  East  (mg/m3): 


1,400  amps 

0.007 

0.004 

0.002 


The  average  results  are  plotted  below  (Figure  H-l).  Clearly,  the  emissions  in  the 
stack  and  in  ambient  air  were  higher  when  no  PRD  liquid  was  present  in  Vats  12A 
and  Vats  12B.  It  is  not  known  what  the  actual  reductions  for  tanks  12A  and  12B 
were,  since  the  stack  measurements  included  other  operating  tanks  also.  There  was 
also  crossover  contamination  from  line  1,  as  noted  earlier.  The  TSP  sampling 
showed  that  ambient  air  samples  fluctuated  due  to  other  operations  in  Line  1.  TSP- 
West  was  always  higher  than  TSP- East,  due  to  the  effects  from  other  operating 
tanks  in  Line  1. 
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Thickness  of  PRD  Liquid 


Figure  H-1.  Average  chromium  concentrations  for  the  runs. 
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Appendix  I:  CHPPM  Report  on  Air 

Sampling 


Appendix  I  is  Volume  2  of  this  report. 
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Appendix  J:  Air  Sampling  Protocol 


MCHB-TS-EAQ  (40) 

MEMORANDUM  FOR  Commander,  USACERL  (W-ERDC-CERL-IL/Dr.  Steve  W. 

Maloney),  U.S.  Army  Engineering  Research  and  Development  Center,  Champaign,  1L 

61826-3482 

SUBJECT:  Test  Protocol:  Air  Pollution  Management  Study  No.  43-EL-5 1 16-03,  Chro¬ 
mium  Plating  Finishing  Complex,  Building  1 14,  Anniston  Army  Depot,  Alabama 

1 .  Preliminary  site  visit  by  Mr.  Robert  Wishart,  Mr.  Tim  Hilyard,  and  Mr.  Bret  Mower, 
this  Center,  Mr.  Tony  Pollard  and  Mr.  Jeremy  Turner,  Chromium  Plating  Finishing 
Complex,  3  June  2002,  subject:  Zero  Chromium  Emission  Process. 

2.  Per  reference,  a  test  protocol  for  the  assessment  of  the  emissions  for  the  above  ex¬ 
haust  ducts  has  been  prepared  and  is  enclosed  for  your  review. 

3.  Our  point  of  contact  is  Mr.  Tim  Hilyard,  this  Center,  DSN  584-2509/3500  or  com¬ 
mercial  (410)  436-2509/3500. 

FOR  THE  COMMANDER: 

Enel  JAMES  D.  WOOD,  P.E. 

Program  Manager 
Air  Quality  Surveillance 

CF: 


CDR,  ANAD,  ATTN:  AMSTA-AN-PECE  (Tony  Pollard) 
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TEST  PROTOCOL 

AIR  POLLUTION  MANAGEMENT  STUDY 
NO.  43-EL-5166-03 

CHROMIUM  PLATING  FINISHING  COMPLEX 
BUILDING  114 

ANNISTON  ARMY  DEPOT,  ALABAMA 


Distribution  limited  to  U.S.  Government  agencies  only;  protection 
of  privileged  information  evaluating  another  command;  Jan  03. 

Requests  for  this  document  must  be  referred  to  Commander,  USACERL 
(W-ERDC-CERL-IL),  U.S.  Army  Engineering  Research  and  Development 
Center,  Champaign,  IL  61826-3482 
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LIST  OF  ACRONYMS 


ANAD 

Anniston  Army  Depot 

Co 

company 

Cr 

chromium 

GFAAS 

graphite  furnace  atomic  absorption  spectroscopy 

in 

inches 

Inc 

incorporated 

mL 

milliliter 

n2 

nitrogen 

NaOH 

sodium  hydroxide 

o2 

oxygen 

PRD  Tech. 

Process,  Research,  and  Development  Technologies 

PW 

probe  wash 

RM 

Reference  Method 

QA/QC 

quality  assurance/quality  control 

USACERL 

U.S.  Army  Construction  Engineering  Research  Laboratory 

USACHPPM  U.S.  Army  Center  for  Health  Promotion  and  Preventative  Medicine 


USEPA 

U.S.  Environmental  Protection  Agency 

VOCs 

O 

volatile  organic  compounds 

degree 

O 
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TEST  PROTOCOL 

AIR  POLLUTION  MANAGEMENT  STUDY  43-EL-5 166-03 
CHROMIUM  PLATING  FINISHING  COMPLEX 
BUILDING  114 

ANNISTON  ARMY  DEPOT,  ALABAMA 

1 .  REFERENCES.  See  Appendix  A  for  a  list  of  references. 

2.  PURPOSE.  The  purpose  of  this  assessment  is  to  determine  the  effectiveness  of  the 
PRD  Zero-Emission  Process  in  removing  chromium  (Cr)  emissions  from  a  full-scale 
chromium  plating  operation.  Volatile  organic  compounds  (VOCs)  may  also  be  meas¬ 
ured  to  determine  whether  the  Process  Research  and  Development  Technologies 
(PRD  Tech.  Inc.)  proprietary  immiscible  liquid  emits  any  VOCs  into  the  atmosphere. 

3.  GENERAL. 

a.  Background.  Chromium  plating  of  machinery  parts  produces  a  surface  coating 
that  helps  reduce  wear  and  corrosion.  The  military  uses  these  processes  as  a  cheap 
and  effective  way  to  combat  the  wear  and  corrosion  of  parts  suffer  during  usage.  The 
problem  with  chromium  plating  is  the  emission  of  a  fine  aerosol,  during  the  plating 
process.  Once  in  the  atmosphere,  the  aerosol  forms  chromic  acid.  Cr  has  long  been 
known  to  be  a  carcinogen  and  a  cause  of  perforated  nasal  passages,  skin  rashes  and 
other  medical  problems.  These  emissions  are  controlled  by  capturing  the  aerosols  at 
the  surface  with  airflow  above  the  vat,  which  enter  an  exhaust  duct  and  exit  from  a 
stack  outside  the  building.  PRD  Tech,  Inc.  has  developed  a  proprietary  immiscible 
liquid  that  covers  the  top  of  the  chromium  bath  during  the  plating  process.  This  liq¬ 
uid  prevents  the  aerosols  of  chromium  from  reaching  the  atmosphere  by  trapping  the 
bubbles  before  they  reach  the  liquid-air  interface.  If  successful,  this  process  may  re¬ 
place  expensive  scrubber  technology  currently  used  to  deal  with  emissions. 

b.  Facility  Description.  The  Zero-Emission  demonstration  will  take  place  in  Build¬ 
ing  114  on  the  Anniston  Army  Depot  (AN AD).  This  building  houses  the  depot’s 
metal  finishing  operations.  Line  2  will  be  used  in  this  demonstration  to  allow  for 
continued  production  on  Line  1.  Line  2  has  a  total  of  four  chromium  vats,  all  of 
which  will  be  used  in  this  demonstration. 

c.  Exhaust  System  Description.  The  exhausts  from  all  the  chromium  vats  join  into 
one  duct.  The  exhaust  exits  out  of  a  stack  on  the  side  of  the  building.  The  stack  has 
a  diameter  of  36  inches  (in). 
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Use  of  trademark  names  does  not  imply  endorsement  by  the  U.S.  Army 
tended  only  to  assist  in  identification  of  a  specific  product. _ 


4.  SAMPLING  AND  MONITORING  REQUIREMENTS.  The  ANAD  and  U.S.  Army 
Construction  Engineering  Research  Laboratory  (USACERL)  have  requested  that  the 
U.S.  Army  Center  for  Health  Promotion  and  Preventative  Medicine  (USACHPPM) 
perform  the  emission  testing  for  the  Zero-Emission  demonstration.  Sampling  will  be 
conducted  using  United  States  Environmental  Protection  Agency  (USEPA)  Reference 
Method  (RM)  306  (reference  1)  to  determine  the  total  Cr  emissions.  If  conducted, 
the  USEPA  Compendium  Method  TO-14A  (reference  3)  will  be  used  to  measure 
VOCs  that  might  be  emitted  by  the  PRD  Tech,  Inc.  proprietary  immiscible  liquid.  At 
this  time  a  final  determination  concerning  the  VOC  sampling  has  not  been  made. 

5.  TEST  CONDITIONS.  All  requirements  for  a  compliance  test  will  be  followed  dur¬ 
ing  this  demonstration. 

6.  SAMPLING  EQUIPMENT  AND  PROCEDURES. 

a.  Stack  Sampling  Location.  For  the  test,  the  existing  ports  on  the  line  2  exhaust 
stack  will  be  used  for  the  measurement  of  Cr  emissions. 

b.  Ambient  Sampling  Location.  A  TO-14A  SUMMA  canister  will  be  used  for  de¬ 
termination  of  VOC  levels  that  are  emitted.  The  TO-14A  will  be  inserted  in  the  stack 
across  from  the  existing  ports. 

c.  Sampling  Method. 


(1)  Chromium  Sampling.  The  USEPA  RM  306  (reference  1)  will  be  used  to 
measure  the  Cr  emissions  being  released  to  the  atmosphere  at  the  stack.  The  train  con¬ 
figuration  is  as  follows: 

Pyrex®  sample  nozzle 
Teflon®  union 

Pyrex  lined  probe  sheath  assembly 
Teflon®  flex  line 
90°  elbow 

ImpingerNo.  1-100  mLO.l  N  NaOH  solution 
1 80°  glass  connector 

Impinger  No.  2-100  mL  0.1  N  NaOH  solution 
1 80°  glass  connector 
Impinger  No.  3-dry 
1 80°  glass  connector 
Impinger  No.  4-silica  gel 
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®  Pyrex  is  registered  trademark  of  Coming  Glass  Works,  Houghton  Park,  Coming,  New  York 
®  Teflon  is  a  registered  trademark  of  E.  I.  DuPont  de  Nemours  &  Co.,  Inc.,  Wilmington  Dela¬ 
ware 

S-type  pitot  tubes  and  thermocouples  will  be  attached  to  the  sampling  probe.  The  pitot 
tubes  will  be  0.75-in.  from  the  probe  nozzle,  and  the  thermocouples  will  be  placed  to 
eliminate  any  disturbance  in  the  velocity  measurements.  The  probe  will  be  attached  to  a 
sample  box  containing  the  impinger  train  by  a  teflon  flex  line.  The  impingers  will  be 
packed  in  an  ice  bath  to  cool  the  gas  and  to  remove  the  moisture  from  the  gas  sample. 
The  sample  box  will  be  connected  to  an  umbilical  cord,  which  contains  the  vacuum  line, 
pitot  lines,  electrical  connections  and  thermocouple  wires.  The  meter  box  has  a  cali¬ 
brated  dry  gas  meter  and  calibrated  orifice.  A  vacuum  pump  will  be  used  to  draw  the 
sample  through  the  sampling  equipment.  Two  manometers,  mounted  on  the  meter  box, 
will  measure  the  velocity  pressure  in  the  stack  and  the  pressure  differential  across  the 
meter  box  orifice. 

(2)  VOC  Sampling.  If  conducted,  the  VOCs  will  be  collected  and  analyzed  ac¬ 
cording  to  USEPA  Compendium  Method  TO-14A.  The  TO-14A  canister  sampling 
modes  that  will  be  employed  for  this  test  are  pressurized.  Pressurized  sampling  requires 
an  additional  pump  to  provide  positive  pressure  to  the  sample  canister.  A  sample  of  the 
stack  gas  will  be  drawn  through  a  sampling  train  comprised  of  components  that  regulate 
the  rate  and  duration  of  sampling  into  specially  prepared  canister. 

d.  Sampling  Procedures. 

(1)  Cr  Sampling.  The  USEPA  RM  306  sampling  train  will  be  operated  isoki- 
netically.  Sampling  will  be  performed  by  controlling  the  sampling  flow  rates,  so  the  ve¬ 
locities  of  the  gases  entering  the  sampling  nozzle  are  equal  (within  ±  1 0  percent)  to  those 
of  the  undisturbed  stack  gas  stream  at  the  sampling  points.  Since  this  is  not  a  fuel  burn¬ 
ing  source,  gas  composition  will  be  considered  as  ambient  air  (i.e.,  79  percent  N2,  and  2 1 
percent  02). 

(2)  VOC  Sampling.  If  conducted,  the  USEPA  Compendium  Method  TO-14A 
sampling  will  be  operated  at  a  constant  collection  rate.  The  canisters  will  be  pressurized 
via  a  separate  pump  to  increase  the  volume  of  the  gas  collected.  The  anticipated  sample 
volume  of  the  TO-14A  canisters  will  be  approximately  12  liters. 

e.  Sample  Methods.  In  accordance  with  RM  1  (reference  1),  a  preliminary  velocity, 
temperature  and  cyclonic  flow  traverse  will  be  conducted.  Three  valid  2-hour  runs 
will  be  performed  for  each  test  series  (no  foam,  2-inches  of  foam  and  4-inches  of 
PRD  foam)  in  accordance  with  USEPA  RM  306  (Figure  H-2  ).  Table  H-5  is  a  sum¬ 
mary  of  the  sampling  parameters  to  be  monitored  and  evaluated. 
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Figure  J-1.  USEPA  RM  306  sampling  train. 

Impinger  Contents 
Impinger  1-100  mLO.l  N  NaOH 
Impinger  2-100  mL  0. 1  N  NaOH 
Impinger  3  -  Initially  Dry 
Impinger  4  -  Silica  Gel 


Table  J-1.  Sample  parameter  summary. 


PARAMETER 

METHOD 

RESPONSIBLE  ORGANIZATION 

Cr  Emissions 

RM  306 

USACHPPM 

Stack  Temperature 

RM  5 

USACHPPM 

Stack  Gas  Flow  Rate 

RM  2 

USACHPPM 

Stack  Gas  Moisture 

RM  4 

USACHPPM 

VOCs 

TO-14A 

USACHPPM 
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7.  TEST  PLAN 

a.  Chromium  Plating  Process.  During  the  test,  the  chromium  p  plating  line  will  be 
operated  under  normal  conditions.  Dummy  plates  will  be  used  to  determine  whether 
the  PRD  Tech,  Inc.  fluid  has  any  effect  on  the  efficiency  of  the  chromium  plating. 
Some  typical  parts  may  also  be  used  in  the  plating  process. 

b.  Exhaust  System.  The  exhaust  system  will  be  operated  under  normal  operating 
conditions  with  the  exception  that  the  demister  pads  will  be  removed  from  the  sys¬ 
tem. 

c.  Sampling  Summary.  The  test  on  the  exhaust  stack  will  consist  of  three  series  of 
three  sampling  runs  in  each  series.  During  the  first  series  the  plating  vats  will  be  run 
with  no  PRD  Tech,  Inc.  fluid  on  the  vats.  The  next  two  series  will  be  with  2-inches 
and  4-inches  of  PRD  fluid  respectively  on  top  of  the  plating  solution.  During  each 
run,  moisture  and  temperature  will  be  continuously  monitored  to  determine  the  mois¬ 
ture  content  and  temperature  of  the  stack  gas  in  the  ducts.  Table  J-6  consists  of  a 
summary  of  the  sampling  that  will  be  conducted. 

d.  Sampling  Locations.  For  the  test,  the  existing  ports  on  the  Line  2  exhaust  stack 
will  be  used  for  the  RM  306  train.  These  ports  meet  the  requirements  of  USEPA 
RM  1.  A  total  of  12  traverse  points  will  be  used.  If  conducted,  the  TO- 14A  sampling 
will  be  performed  on  a  separate  port  of  the  stack  opposite  to  the  existing  ports. 

e.  Sampling  Duration.  As  indicated  in  paragraph  6.d,  the  sampling  run  duration 
will  be  2  hours. 


Table  J-2.  Sampling  summary. 


FLUID 

RUN 

COLLECTION 

SAMPLING 

ANALYSIS 

LEVELS 

DURATION 

FREQUENCY 

METHOD 

PARAMETER 

No  fluid 

2  Hr 

Continuous 

RM  306 

Cr 

Continuous 

TO-14A 

VOCs 

Continuous 

RM  5 

Temperature 

Continuous 

RM  4 

Moisture 

Continuous 

RM  2 

Stack  Gas 

volumetric 

flow  rate 

2  inches 

2  Hr 

Continuous 

RM  306 

Cr 

Continuous 

TO-14A 

VOCs 

Continuous 

RM  5 

Temperature 

Continuous 

RM  4 

Moisture 

Continuous 

RM  2 

Stack  Gas 

volumetric 

flow  rate 
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f.  Sample  Recovery.  The  USEPA  RM  306  train  will  be  used  to  determine  the  total 
chromium  emission  rate.  The  train  will  be  recovered  as  follows:  Sample  1  (Probe 
Wash  and  Impingers).  Measure  the  volume  of  the  first,  second,  and  third  impingers, 
then  quantitatively  transfer  the  liquid  into  a  labeled  sample  container  (Container  1 ). 
Rinse  the  probe  nozzle,  probe  liner,  flex  line,  the  three  impingers  and  connecting 
glassware  with  approximately  200  to  300  mL  of  0.1  N  NaOH.  This  rinse  will  be 
added  to  Container  1 .  Next,  place  a  signed  and  dated  sample  custody  seal  over  the 
lid  and  top  of  jar  to  ensure  the  lid  is  not  removed  prior  to  the  analytical  lab  receiving 
the  sample. 

g.  Sample  Analysis. 

( 1 )  Stack  Gas  Analysis. 

(a)  Stack  Gas  Composition.  The  stack  gas  will  be  considered  ambient  air, 
since  there  is  no  combustion  process. 

(b)  Stack  Gas  Moisture  Determination.  Moisture  is  collected  from  the  stack 
gas  by  the  four  impingers  in  the  sampling  train.  The  total  amount  of  moisture  is  deter¬ 
mined  by  weighing  the  impingers  and  their  contents  before  and  after  each  run.  The  dif¬ 
ference  gained  after  the  run  is  the  amount,  in  grams,  of  moisture  collected.  The  weight 
gained  in  grams  is  equal  to  the  volume  of  the  moisture  in  mL.  All  impingers  will  be 
weighed  on  a  top-loading  balance  accurate  to  0.01  grams. 

(2)  Train  Sample  Analysis.  The  analytical  procedures  to  be  used  to  analyze  the 
train  samples  generated  during  this  test  are  summarized  in  Table  J-7.  The  Cr  analysis 
will  be  done  using  graphite  furnace  atomic  adsorption  spectroscopy  (GFAAS)  (reference 
4)  per  Method  306  procedures. 

8.  QUALITY  ASSURANCE/QUALITY  CONTROL  (QA/QC). 

a.  General.  The  QA/QC  procedures  for  the  sampling  and  analytical  methods  to  be 
used  will  consist  of  pre-test  and  post-  test  calibrations  of  sampling  equipment,  analy¬ 
sis  of  blank  samples  and  of  all  reagents  and  collection  medias. 
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Table  J-3.  Analytical  procedures  summary. 


COMPONENT 

PARAMETER 

TECHNIQUE 

ANALYSIS 

Method  306  Train 

Impinger  1-4 

PW/Impingers 

Moisture 

Total  Cr 

Gravimetric 

GFAAS 

Analytical  Balance 

SW-846  Method  7191* 

*  Reference  4 


b.  Sampling  Equipment.  Prior  to  and  immediately  following  the  test,  all  sampling 
equipment  will  be  calibrated  using  the  procedures  outlined  in  reference  2.  Calibra¬ 
tions  of  the  probe  nozzles,  pitot  tube  alignment,  dry  gas  meters,  thermometers,  and 
thermocouple/pyrometer  assemblies  will  be  conducted.  Table  J-8  summarizes  these 
equipment  calibrations. 


Table  J-4.  Calibration  procedures  summary. 


DEVICE 

METHOD/STANDARD 

REFERENCE 

Meter  Box  Orifice 

Wet  Test  Meter 

APTD-0576* 

Dry-Gas  Meter 

Wet  Tester  Meter 

APTD-0576* 

Pyrometer 

NBS  Reference  Pyrometer 

USEPA  RM  5** 

Pitot  Tube 

Geometry 

USEPA  RM  2** 

Thermometer/Thermocouple 

Reference  Pyrometer 

USEPA  RM  2** 

Nozzle 

Micrometer 

USEPA  RM  5** 

Reference  2 
Reference  I 


c.  Analysis. 

(1)  General.  All  calibration  standards  and  reagents  will  be  of  the  highest  purity 
practical  for  analysis  and  will  meet  USEPA  RM  requirements. 

(2)  Chromium  Analysis. 

(a)  Field  Blanks.  Field  blanks  of  all  collection  and  recovery  media  will  be 
taken  for  analysis.  The  field  reagent  blank  is  used  to  assess  possible  contamination  re¬ 
sulting  from  processing  the  sample. 

(b)  Laboratory  Analysis.  All  QA/QC  procedures  of  Method  7191  of  SW- 
846  (reference  4)  will  be  performed. 
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9.  TENTATIVE  TEST  SCHEDULE.  A  tentative  schedule  for  the  subject  emission  as¬ 
sessment  is  listed  below.  This  schedule  may  be  used  by  the  installation  to  prepare  the 
proper  support  for  the  emission  assessment. 

a.  March  2  (Sunday):  Travel  to  ANAD,  prepare  test  site,  set  up  mobile  laboratory, 
and  set  up  sampling  sites.  Conduct  preliminary  stack  testing  (cyclonic  flow  and 
stack  gas  velocity  traverse). 

b.  March  3  (Monday):  Conduct  Runs  1  and  2  (No  fluid)  and  recover  samples. 

c.  March  4  (Tuesday):  Conduct  Run  3,  change  fluid  level  in  the  vats.  Conduct  Run 
4  (2-in  fluid)  and  recover  samples. 

d.  March  5  (Wednesday):  Conduct  Runs  5  and  6  (2-in  fluid)  and  recover  samples. 
Change  fluid  level  in  the  vats. 

e.  March  6  (Thursday):  Conduct  Runs  7  and  8  (4-in  fluid)  and  recover  samples. 
Pack  equipment. 

f.  March  7  (Friday):  Conduct  Run  9  and  recover  samples.  Pack  equipment. 

g.  March  8  (Saturday):  Contingency  Day.  Travel  to  Aberdeen  Proving  Ground. 

10.  SAFETY. 

a.  General. 

If  any  unsafe  action  or  situation  is  observed,  the  USACHPPM  project  officer  onsite 
will  be  informed  at  once.  Under  these  circumstances,  the  survey  personnel  will  be 
removed  from  the  hazardous  condition  until  it  is  considered  safe  to  return.  When  the 
safety  of  a  situation  is  uncertain,  the  ANAD  Safety  Officer  will  examine  the  situation 
and  determine  if  it  is  safe  to  return  to  the  work  area.  Survey  personnel  will  not  at¬ 
tempt  to  correct  the  situation  by  themselves  if  it  would  expose  anyone  to  the  hazard. 

b.  Weather. 

All  personnel  will  protect  themselves  from  weather  or  climate  related  injuries.  The 
project  officer  may  terminate  the  test  if  extreme  weather  conditions  (heavy  rain,  high 
winds,  thunderstorms,  etc.)  exist. 
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